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Administrative  Report* 


The  work  of  the  Geological  Survey  in  1899  has  been  done 
confonnably  to  the  plan  proposed  at  the  beginning  of  the  year, 
and  the  investigations  in  the  several  divisions  have  been  in  the 
same  general  direction  as  carried  forward  last  year.  The  snrv^ey 
of  the  surface  formations  has  been  in  the  charge  of  Prof.  Rollin 
D.  Salisbury,  and  he  has  been  assisted  by  G.  N.  Knapp.  The 
survey  of  the  Paleozoic  formations  has  been  begun  this  year,  and 
Mr.  Stuart  Weller  has  had  charge  of  this  work.  He  has  had 
Mr.  Kiimmel  as  associate  in  the  study  of  the  structural  relations 
of  these  rocks  of  the  Paleozoic  System.  The  topographic  work 
of  the  Survev  has  been  directed  bv  Mr.  C.  C.  Vermeule,  who  has 
also  given  some  time  to  the  examination  of  the  forest  conditions 
of  the  State  and  the  preparation  of  the  report  on  forestry.  Mr. 
Peter  D.  Staats  has  been  the  field  assistant,  and  J.  R.  Prince, 
draughtsman.  The  record  of  artesian  wells  has  been  continued 
by  Lewis  Woolman.  Mr.  Irving  S.  Upson  has  remained  in 
charge  of  the  distribution  of  the  topographic  maps,  and  has  acted 
as  disbursing  officer  to  the  Survey. 

At  the  summer  meeting  of  the  Board  of  Managers  Mr.  Henry 
B.  Kiimmel  was  appointed  on  the  staff  of  the  Survey,  and  since 
the  close  of  the  field  season  he  has  had  charge  of  the  office  work 
as  Assistant  State  Geologist. 

The  results  and  the  scope  of  the  investigations  and  surveys  of 
the  several  divisions  and  their  relation  to  the  general  direction 
of  the  work  of  the  Geological  Survey  and  to  the  economic  devel- 
opment of  the  State  are  stated  in  order,  under  their  several 
heads,  in  this  administrative  report. 

SURFACE   GEOLOGY. 

The  survey  of  the  surface  formations  has  been  directed  by 
Prof.  Rollin  D.  Salisbury.  This  study  of  the  fonnations  which 
make  the  surface  of  the  countrv'  is  related  closelv  to  what  is 
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known  as  the  physical  geography  or  as  the  physiography,  but  it 
includes  the  investigations  which  have  for  their  object  the  nature 
of  the  materials,  as  well  as  the  study  of  the  fonn  or  configura- 
tion of  the  surface  formations.  The  physical  geography  of  the 
State  has  been  described  in  the  last  volume  published  by  the 
Geological  Survey.*  This  report  on  the  physical  geography 
may  be  considered  as  the  first  volume  on  the  geolog>'  of  the 
surface.  The  work  of  Professor  Salisbur}'  has  been  in  progress 
since  1891,  and  many  of  the  results  of  his  investigations  have 
been  given  in  the  annual  reports,  besides  the  volume  on  the 
physical  geography.!  The  field  work  is  about  done  and  the 
preparation  of  the  report  on  the  studies  and  surv^eys  is  in  part 
done.  The  publication  is  to  be  in  two  parts,  one  descriptive  of  the 
northern  part  of  the  State,  the  other  of  the  southern  part.  By  this 
plan  the  distribution  will  be  made  to  the  convenience  of  localities 
and  will  avoid  needless  excess  in  sending  out  the  volumes  of  the 
Surv^ey.  The  report  on  the  Surface  Geolog}'  will  cover  the 
descriptions  of  the  sands,  gravels,  clays,  marls  and  earthy  beds, 
and  also  of  the  rock  outcrops  which  make  the  surface  of  the  State  ; 
the  relation  of  these  beds  to  the  underlying  strata  or  beds ;  the 
history  of  their  origin,  or  source  of  materials  ;  their  geologi- 
cal age  and  the  correlation  with  the  surface  formations  of  the 
States  of  our  Middle  Atlantic  coast ;  and  the  value  of  these  facts, 
as  they  bear  on  the  origin  and  nature  of  the  soil,  the  varieties  of 
trees  and  the  subject  of  forestry  and  the  occurrence  of  ores, 
clays,  sands,  marls,  peat  and  other  crude  materials  which  are  of 
use  in  the  arts.  The  full  discussion  of  the  nature  and  extent  of 
these  surface  formations  is  related  closely  to  the  geolog}-  of  the 
rocks  beneath  the  surface,  or  the  under  geology,  and  the  report 
will  include  many  facts  of  the  latter  division  of  the  general 
geolog\'  of  the  State.  On  this  account  it  seems  to  be  desirable 
to  give  with  the  maps  of  the  surface  formations  those  of  the 
underlying  formations  in  the  same  publication,  or  at  least  so 
much  as  shall  give  all  the  facts  of  economic  importance. 

As  was  stated  in  the  last  annual  report,  the  maps  which  are  to 
accompany  this  report  are  to  be  in  sections,  or  sheets,  joining 

*  Report  on  the  Physical  Geography  of  New  Jersey,  Vol.  IV  of  the  Final  Report  of  ihe  State  Geol- 
ogist,  Trci  tOT,  1898. 

tAnnual  Report  of  State  Geologist  (or  1891,  pp.  35-108:   1S92,  pp.  33-166;   1893,  pp    33-328;   1894, 
pp.  1-149  ;  1895,  vp.  1-16  :   189^,  pp.  1-23 ;  1897,  pp.  1-22  ;   1898,  pp.  1-41 
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edge  to  edge  and  not  overlapping  as  in  the  old  topographic 
series.  The  scale,  as  proposed,  is  that  of  the  latter  series — one 
inch  to  one  mile — and  the  sheets  are  to  correspond  in  form  and 
arrangement  to  the  new  maps,  of  which  four  sheets  are  already 
published.  Four  of  these  new  and  large-scale  maps  cover  the 
same  territory  as  one  of  the  geological  series,  but  of  course  on  a 
larger  scale.  This  scheme  for  the  State  requires  thirty-four 
sheets,  or  twice  the  number  of  the  topographic  series.  For  some 
parts  of  the  State  where  there  are  valuable  deposits  of  ores  and 
minerals  and  also  in  the  thickly-settled  suburban  districts,  the 
new  topographic  series  of  maps  may  be  used  as  the  base  for  the 
exhibition  of  the  geological  features  and  the  location  and  extent 
of  valuable  ores  and  other  materials  of  use.  The  large-scale 
maps  will  be  of  service  in  the  localities  which  they  show,  par- 
ticularly if  they  have  with  the  maps  descriptive  text  and  notes 
on  the  geologic  stnicture.  This  plan  of  publication  by  the 
United  States  Geological  Survey  has  proven  attractive  and  of 
great  value  and  the  sales  of  their  geologic  folios  are  large. 
Some  plan  of  this  kind  seems  to  be  necessary  in  order  to  give  all 
the  necessar}^  facts  of  localities  and  put  them  within  the  reach 
of  all  who  may  want  them.  In  this  way  every  locality  would 
have  a  particular  interest  in  a  particular  map  or  folio,  and  every 
one  would  have,  as  it  were,  its  own  special  report  and  map ;  and 
all,  taken  as  a  whole  and  in  their  geographic  order  of  arrange- 
ment, would  make  an  atlas  of  the  State,  and  the  chapters  of  the 
geology  in  detail  would  give  that  for  the  State.  The  economy 
in  both  publication  and  in  distribution  is  for  this  plan  of  sec- 
tional maps  or  folios.  The  results  of  the  surveys  made  by  Pro- 
fessor Salisbury  and  his  assistants  can  be  put  in  the  hands  of  the 
people  in  the  two  volumes  of  this  report  on  the  Surface  Geology, 
and  within  the  next  fiscal  year,  or  at  furthest,  two  years. 

The  small-scale  maps  may  illustrate  the  report  sufficiently  in 
detail.  The  publication  of  the  geological  atlas  must  occupy  a 
longer  period,  because  of  the  cost  of  the  maps  and  the  tinle 
needed  for  their  preparation. 

During  the  year  Professor  Salisbur}'  has  been  assisted  by 
G.  N.  Knapp,  both  in  the  survey  and  in  the  preparation  of  two 
atlas  sheets — Newark  and  Camden — submitted  with  this  report. 
In  the  northern  part  of  the  State  Mr.  Kiininiel  did  some  field- 
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work  late  in  the  season  on  large-scale  maps  of  local  features^ 
and  the  results  of  his  sur\'eys  are  to  be  used  in  the  report  on 
the  Surface  (ieolo^y. 

Professor  Salisbur\''s  report  on  the  work  is  here  appended. 
It  is  a  clear  and  concise  sunimar\'  and  statement  of  plans  for  the 
publication  of  his  work  in  the  State. 

In  connection  with  the  work  on  the  surface  fonnations  under 
the  direction  of  Professor  Salisbury,  four  typical  areas  were  sur- 
veyed in  detail  by  Mr.  Kiimmel,  and  maps,  on  a  large  scale,  pre- 
l)ared  by  the  topographical  division  of  the  Survey,  were  used 
for  the  delineation  of  the  several  surface  fonnations  and  their 
characteristic  topography.  One  of  these  areas  is  near  Hacketts- 
town,  and  is  a  section  of  the  terminal  moraine  of  the  last 
glacial  epoch.  The  map  represents  the  older  glacial  drift  and 
the  terminal  moraine,  and  shows  their  relative  positions  and 
their  relation  to  the  older  formations,  and  the  soils  resulting 
from  the  disintegration  of  these  older  rocks. 

Another  area  is  southwest  of  Newton,  in  Sussex  county,  and 
embraces  a  territory-  of  eight  square  miles.  Glacial  deposits, 
unstratified  and  stratified,  are  here  interlocked  with  knobs  of 
limestone  and  slate  ridges  and  the  surface  is  marked  by  great 
diversity.  The  hills  of  limestone  and  the  patches  of  till,  or  un- 
sorted  drift,  rise  as  islands  above  the  plains  of  stratified  sand 
and  gravel.  The  latter  are  in  fanns  and  under  cultivation, 
whereas  the  rocky  ledges  of  limestone  are  nearly  all  wooded. 
The  deep  depressions  or  kriih's  which  occur  in  the  gravel  plains 
are  characteristic  features,  and  mark  the  places  where  blocks  and 
large  masses  of  ice  melted  at  the  close  of  the  glacial  epoch. 
The  Newton  area  has  been  mapped  on  a  scale  of  i  inch  to  400 
fecU  and  the  contour  lines  have  been  shown  at  intervals  of  5 
feel. 

At  Ogdeiisburg,  in  Sussex  comity,  a  large  triangular  bank  of 
drift,  which  stretches  nearly  across  the  Wallkill  valley,  was  sur- 
veyed and  mapjKHl  on  a  scale  of  1  inch  to  2(X)  feet. 

The  fourth  area  i^  a  mass  of  olacial  drift  in  i^reat  hills  l)etween 
llambnrjL;  and  l-^anklin  1^'nrnace.  The  map,  on  a  scale  of  i  inch 
to  v'^iv^  feet  and  havini;  contour  line^  K^  feet  apart,  covers  about 
five  sjuare  niileN,  T\w  features  of  the  topography  shown  by 
this  nuip  are  a  i^laeial  ^ielta  .vm\  eiiornions  kanies.     The  lobed 
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front  of  the  great  delta,  where  it  was  deposited  in  water,  is  in 
contrast  with  the  hummocky  surface  back  where  the  gravel  was 
deposited  against  the  irregular  ice  front.  The  kames  are  re- 
markable for  their  size,  surpassing  any  known  elsewhere  in  the 
State. 

These  four  maps  of  typical  areas  of  glacial  formations  will 
make  valuable  illustrations  for  Professor  Salisbury^'s  report  on 
the  Surface  Geology,  showing  in  great  detail  the  work  of  the 
glacier  in  depositing  the  till,  or  drift  under  its  mass,  the  termi- 
nal moraine  at  its  extreme  limit  or  front,  and  of  the  waters  in 
forming  deltas,  and  in  modifying  the  deposits  laid  down  by  the 
glacier. 

PALEOZOIC    FORMATIONS. 

The  necessity  of  a  re-surv^ey  and  of  a  geological  map  of  the 
Paleozoic  fonnations  of  the  State  has  been  recognized  for  a  long 
time.  These  older  rock-formations  are  found  in  the  valleys  of 
the  Highlands  and  along  its  borders,  both  southeast  and  north- 
west ;  in  the  Kittatinny  valley,  in  the  Kittatinny  mountain  and 
the  valley  of  the  Delaware  from  Carpenter's  Point  to  Walpack 
Bend,  and  in  the  Green  Pond,  Copperas  and  Bearfort  mountain 
ranges.  The  rocks  are  in  strata,  which  lie  horizontally  in  places, 
but  are  generally  upturned  at  high  angles,  and  are  folded  and 
broken  by  faulting,  showing  the  results  of  great  change  in  posi- 
tion since  thev  were  laid  down  as  sediments  in  the  estuaries  or 
oceans  of  Paleozoic  time.  They  are  conglomerates,  sandstones, 
quartzites,  shales,  limestones,  slates  and,  in  places,  they  are 
metamorphosed  and  sub-crystalline  in  texture.  In  his  ^^  Final 
Report,'^  published  in  1840,  Prof  Henry  D.  Rogers  described 
these  formations  as  Lower  Secondary  or  Appalachian  Rocks. 
Dr.  Kitchell  referred  to  them  in  his  reports  in  1854  and  1855. 
In  the  ^^  Geology  of  New  Jersey,^'  1868,  the  late  State  Geologist, 
Professor  Cook,  described  them  in  detail,  so  far  as  their  limits, 
thickness,  structural  relations  of  the  beds  and  nature  of  the  rocks 
were  concerned,  but  little  attention  was  given  to  the  study  of  the 
fossilized  forms  of  life  in  them.*  Earlvin  the  season  Mr.  Stuart 
Weller,  of  the  University  of  Chicago,  was  engaged  to  study  these 
formations,  to  map  their  outcrops,  and  to  prepare  a  report  on  the 

*  Geology  of  New  Jer<ey,  x368,  pp.  ;o-i67. 
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geologic  structure  and  on  the  paleontologic  characters.  Mr. 
Weller  was  in  the  field  from  the  first  of  July  to  the  end  of  Sep- 
tember. He  was  assisted  a  part  of  August  and  in  September  by 
Mr.  Kiimmel. 

The  work  of  the  season  has  been  in  part  a  reconnoissance  of 
the  Kittatinny  valley,  and  in  part  a  detailed  surv^ey  of  the  val- 
ley of  the  upper  Delaware.  The  results  of  the  reconnoissance 
show  the  existence  of  limestones  of  the  Trenton  period,  lying 
generally  at  the  margin  of  the  blue  magnesian  limestone  and 
near  the  slate  rocks ;  conglomerate  beds  at  the  base  of  these 
Trenton  beds,  which  contain  pebbles  of  the  magnesian  lime- 
stone, and  the  presence  of  fossils  (trilobites)  in  the  magnesian 
limestone  beds  at  Carpentersville,  on  the  Delaware,  which  indi- 
cate their  geological  age  as  Cambrian. 

The  discovery  of  fossils  in  the  magnesian  limestone  at  Car- 
pentersville is  noteworthy,  because  in  all  the  extent  of  this 
formation  so  little  evidence  of  life  has  been  found  that  it  has 
been  regarded  as  generally  barren  of  life.  The  fossils  indicate 
the  Cambrian  age  of  the  magnesian  limestone  in  part  at  least, 
and  also  of  the  Hardystonville  quartzite.  The  work  of  next 
year  in  the  Kittatinny  valley  will,  in  all  probability,  yield 
further  localities  of  fossils,  and  afford  evidence  as  to  the  age  of 
the  whole  magnesian  limestone  series  of  beds,  and  the  associated 
conglomerates  and  quartzites  which  are  at  its  upper  edge  and  at 
its  base  respectively. 

The  survey  of  the  upper  Delaware  valley  was  carried  out  in 
detail,  and  the  several  fonnations  were  traced  in  their  outcrops 
from  the  New  York  line,  near  Port  Jervis,  to  the  Delaware 
river,  at  Walpack  bend.  Some  work  was  done  southwest  of 
the  Walpack  bend  and  in  tracing  the  extension  of  these  fonna- 
tions in  Pennsylvania.  The  geological  stnicture  was  studied 
and  a  geological  map  on  the  base  of  the  topographic  survey  was 
drawn,  showing  the  limits  of  the  several  formations  of  limestone, 
shale,  sandstone  and  slaty  rocks. 

These  formations  make  the  massive  ridge  which  lies  between 
the  Delaware  river,  on  the  northwest,  and  the  valleys  of  Flat- 
brook  and  Millbrook,  which  separate  it  from  the  main  slope  of 
the  Kittatinny  mountains  on  the  southeast  side.  The  topo- 
graphic features  are  marked,  and  this  valley,  from  one-eighth  to 
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one  mile  in  breadth,  is  one  of  them.  The  drift  material  in  the 
bottom  conceals  the  adjacent  formation  at  the  southeast,  but  it 
is  almost  certainly  the  Medina  sandstone,  the  rock  of  the  western 
slope  of  the  Kittatinny  mountain.  The  strata  of  the  ridge  dip 
generally  to  the  northwest  and  their  edges  are  exposed  in  the 
steep  southeastern  face,  so  that  in  crossing  over  it,  in  a  north- 
w^estern  direction,  the  beds  are  passed  over  in  an  ascending 
order.  The  large  quarry  on  the  Nearpass  place,  in  Montague, 
affords  the  best  section  of  the  strata,  and  from  near  the  base  of 
the  ridge  to  its  crest.  It  was  the  key  to  the  descriptions  by 
Doctor  Cook,  in  the  ^*  Geology  of  New  Jersey,''  but  owing  to  an 
error  in  correlating  the  so-called  "  ribbon  limestone ''  of  this 
locality  with  a  formation  lying  upon  the  water-lime  beds  at 
Rondout,  on  the  Hudson,  the  exact  geologic  horizon  was  not 
interpreted  aright.  The  investigations  of  Mr.  Weller  show 
further  that  there  are  more  subdivisions  than  were  given  in  the 
report  in  1868.  He  has  found  the  following  in  ascending  order 
from  valley  of  the  Flatbrook  to  the  Delaware  river : 


Poxino  Island  shale,  .  . 
Bossardville  limestone,  . 
Decker  Ferry  limestone, 
Rondout  water  limestone, 
Manlius  limestone,  .  .  . 
Coeymans  limestone,  .  . 
New  Scotland  beds,  .  .  . 
Stormville  sandstone,  .  . 
Becraft  limestone 

Esopus  grits, 

Onondaga  limestone,    .   . 


Silurian 
System. 


} 


Devonian 
System. 


These  names  are  from  the  localities  in  New  York  and  Penn- 
sylvania where  the  formations  are  represented  by  characteristics 
which  are  marked,  and  hence  give  the  basis  for  naming  them 
from  these  typical  localities.  The  fossil  species  and  the  order 
of  succession  afford  the  evidence  of  identification  in  New  Jersey. 
The  readers  of  the  report  of  1868  may  recognize  the  ^^  Ribbon 
limestone  '^  in  the  Bossardville  limestone  of  Mr.  Weller's  report ; 
the  *^peth  stone"  as  the  Rondout  water-lime.  The  Lower 
Pentamerus  is  now  known  as  the  Coevmans  limestone  and  the 
**  Cauda  Galla  grit "  as  Esopus  grits. 

2  *  Geol 
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The  groups  of  these  fonnations  are  in  what  is  known  as  the 
Silurian  System,  which  follows  the  Cambrian,  and  in  the  Devon- 
ian, which  is  the  next  later  in  geological  succession.  The  slates, 
conglomerates  and  sandstones  of  the  Kittatinny  mountain  belong 
to  the  earlier  periods  of  the  Silurian ;  then  come  the  subdivi- 
sions of  the  later  Silurian,  ending  with  the  water-lime ;  next 
the  Devonian,  which  includes  the  Marcellus  shale  and  the 
Hamilton  rocks,  which  form  the  hills  across  the  Delaware  in 
Pennsylvania.  The  Carboniferous  System,  including  the  Coal 
Measures,  follows  the  Devonian  in  order  of  time,  and  all  these 
are  parts  of  what  geologists  term  Paleozoic  time. 

From  the  nature  of  the  rocks  and  the  fossil  forms  characteris- 
tic of  them  the  geologic  histor\^  is  read,  and  the  changes  in  the 
relations  of  the  water  to  land  are  revealed  bv  the  succession  of 
animals  whose  remains  mark  the  fonnations.  The  history  is 
one  of  rather  frequent  changes  in  the  conditions  of  the  water 
and  land,  and  yet  they  must  have  been  gradual,  as  is  in  evidence 
from  the  transitional  formations,  as  that  of  the  Rondout  water- 
lime,  which  was  a  period  of  land-locked  seas  or  shut-in  seas,  and 
with  fresh-water  or  non-marine  forms  of  life  in  its  waters,  follow- 
ing the  marine-life  conditions  of  the  Decker  Ferry  formations 
and  succeeded  by  the  epi-continental  seas  of  the  Manlius  period 
at  the  beginning  of  the  Devonian.  The  Medina  sandstone  was 
an  earlier  epoch  of  transition. 

The  changes  in  the  rocks  also  show,  as  do  those  of  the  fossil 
fonns,  altered  conditions,  the  limestones  marking  the  deeper  sea 
deposits,  the  shales,  the  sediments  off-shore  and  the  sandstones 
and  grits,  shore  or  littoral  deposits.  All  are  proof  of  the  great 
length  of  time  necessary  for  deposition  of  these  sediments  and 
the  changes  in  the  conditions  indicated  by  these  differences  in 
rocks  and  their  imj^edded  forms  of  life.  This  report  is  one  of  the 
chapters  in  the  earlier  geological  histor}'  of  the  State,  and  in  its 
record  of  invertebrate  life  is  most  interesting  because  of  the 
abundance  and  the  varietv  of  form.  Mr.  Weller's  studies  enable 
us  to  recognize  the  succession  of  life  and  afford  evidence  for  the 
accurate  identification  of  any  given  horizon.  The  position  of 
each  member  in  the  series  is  thereby  detennined  and  the  succes 
sion  of  the  strata  in  any  section  or  part  of  the  ridge  is  made 
known. 
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The  value  of  the  map  and  the  report  to  the  economic  develop- 
ment of  the  valley  of  the  Delaware  will  be  in  the  accurate 
detennination  of  the  place  of  valuable  beds  of  limestone,  both 
for  building  purposes  and  for  lime  manufacture,  and  of  the  water- 
lime  for  cement,  and  of  the  shales  and  grits  in  their  relations  to 
the  soils  and  to  agriculture  and  forestry.  The  contribution  to 
our  scientific  knowledge  and  the  accurate  exposition  of  the 
geological  structure  and  the  life  history  of  these  formations  make 
this  first  leport  on  the  Paleozoic  formations  of  the  State  sug- 
gestive of  important  results  and  of  value  as  the  surv^ey  is  con- 
tinued. 

ARTESIAN   WELLS. 

The  record  of  deep-bored  wells  in  the  State  has  been  in  the 
charge  of  Lewis  Woolman,  of  Philadelphia,  who  has  made 
reports  yearly  since  1890.  He  has  visited  many  of  the  localities 
and  has  collected  a  large  number  of  specimens  of  gravels,  sands, 
clays,  marls  and  other  earthy  materials  which  have  been  obtained 
from  these  borings.  They  show  the  nature  of  the  beds  which 
are  passed  through  in  the  well-boring,  and  they  make  an  import- 
ant addition  to  the  collections  made  by  Mr.  Woolman  and  which 
have  been  placed  in  the  Geological  Survey  Museum.  Valuable 
information  has  been  given  by  the  several  well-drilling  finns 
and  by  their  superintendents  and  foremen  about  the  depth, 
thickness  of  the  diflferent  beds  passed  through,  the  nature  of  the 
materials,  position  of  the  water-bearing  beds,  flow  of  water  and 
other  facts.  The  data  have  been  used  by  Mr.  Woolman  in  his 
studies  on  the  water-horizons  and  their  relation  to  the  geologic 
structure  of  the  countr\',  particularly  in  the  southern  part  of 
the  State,  and  in  the  Cretaceous,  Tertiary  and  Post-Tertiary 
fonnations.  The  well-borings  of  the  year  confirm  the  existence 
of  certain  well-defined  horizons  or  water-bearing  beds  which 
have  been  described  in  the  Annual  Reports  for  1897  and  1898, 
and  which  have  been  given  names  from  localities  where  they 
have  been  found  in  wells.  The  more  open  or  porous  beds,  as 
gravel  and  sand,  are  full  of  water  and  are  water-bearing  horizons, 
whereas  the  tight  and  dense  materials,  as  clay  and  some  of  the 
greensand  marls,  are  not  water-bearing,  but  are  impervious  and 
prevent  the  flow  of  water  through  them.     As  is  well  known  in 
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the  greensand-marl  districts  of  the  State,  there  are  springs  of 
water  issuing  from  the  upper  surface  or  where  the  top  earth  or 
stripping  rests  on  the  marl  beds  and  not  in  the  marl  itself.  And 
at  the  bottom,  when  the  digging  has  reached  the  sandy  beds 
under  the  marl,  the  water  comes  in  freely  in  the  pits  whence 
the  marl  has  been  taken.  The  borings  for  water,  as  they  pass 
through  these  dense  and  tight  beds  of  marl  or  of  clay  and 
strike  the  more  open  sands  or  gravels,  give  vent  to  the  head  of 
water,  and  it  flows  to  the  surface  or  nearly  up  to  the  top  of  the 
well.  In  some  cases  there  are  hard  and  stony  layers,  made  by 
a  cementation  of  the  sand  by  oxide  of  iron,  which  prevent  the 
rise  of  the  water ;  in  others,  a  calcareous  or  lime-cemented  bed 
is  the  impervious  stratum  which  prevents  the  passage  of  the 
water. 

Mr.  Woolman  has  given  names  to  the  well-marked  water-hori- 
zons in  the  southern  part  of  the  State,  but  it  is  not  necessarily 
true  that  they  are  the  sole  water-bearing  ones.  Our  knowledge 
of  the  geological  structure  is  not  yet  sufficiently  comprehensive 
in  all  the  details  of  localities  to  assume  that  the  classification,  as 
reported,  is  exclusive  of  the  existence  of  others.  On  the  con- 
trary, it  is  almost  certain  that  further  study  and  the  data  to  be 
had  from  many  localities  where  there  are  no  bored  wells  will 
make  it  necessary  to  modify  the  scheme  and  to  add  other  hori- 
zons. Hence  the  need  of  continuing  the  work  of  gathering  notes 
of  well-borings  is  urgent,  in  order  to  an  accurate  knowledge  of 
the  sources  of  the  well-supply,  and  not  in  the  southern  part  of 
the  State  only,  but  in  the  northern  part  also,  and  in  the  rocky 
strata  of  the  older  formations. 

The  records  of  the  wells  are  arranged  in  the  geological  order 
of  succession,  and  imder  the  heads  Cretaceous,  Miocene  and  Post- 
Miocene.  Among  the  notable  discoveries  shown  by  the  borings 
are  :  The  existence  of  the  Raritan  clays  at  45  feet  below  the  sur- 
face, and  down  to  102  feet,  in  wells  southeast  of  Pedricktown,  in 
Salem  county;  the  Woodhnry-U'enonah  horizon,  near  Mickle- 
tou,  in  Gloucester  county ;  the  Raritan  clays,  at  290-340  feet,  at 
Colestown,  in  Burlington  county ;  the  red  clays  (Raritan  forma- 
tion) at  East  Burlington ;  the  clays  in  the  well  at  Columbus ; 
the  clay  marls,  at  500-558  feet,  at  West  Asbury  Park  ;  the  lower 
water-horizon  at  Seabright  (685-715  feet),  and  making  the  third 
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found  in  wells  there,  and  the  correlation  of  this  horizon  with 
that  at  465  feet  at  Atlantic  Highlands,  Holmdel  at  575  feet, 
Brookdale  at  660-715  feet,  and  with  that  of  1,083  ^^^^  ^^  Asbury 
Park.  The  relation  of  the  wells  to  the  tidal  waters  near  them 
is  shown  by  the  oscillations  in  a  shallow  well  at  Pennsville,  in 
Salem  county.  The  same  phenomenon  has  been  observed  in  the 
rise  and  fall  of  the  water  in  the  deep  wells  on  the  Atlantic  Ocean 
side  of  the  State. 

Mr.  Woolman  has  added  several  well  records  from  the  adjacent 
countr}'  to  the  southwest,  in  Pennsylvania  and  Mar\'land,  and 
also  from  Norfolk,  Virginia.  The  League  Island  wells,  southern 
part  of  Philadelphia,  show  clays  containing  fresh-water  diatoms 
mixed  with  marine  forms,  as  evidence  of  an  old  river  which 
deposited  the  clays  in  fresh  water  and  commingled  with  salt 
water,  as  might  occur  to-day  in  the  lower  reaches  of  the  Dela- 
ware. They  are  at  25-38  feet  and  rest  upon  gravels  which  are 
probably  of  the  Pensauken  formation.  The  records  of  wells  in 
Mar\4and  show  that  there  is  a  correspondence  between  the  beds 
passed  through  in  them  and  the  New  Jersey  wells.  This  is  true 
at  the  Centreville  well,  where  marl  beds  and  characteristic  fossils 
were  found  in  the  borings.  The  Norfolk  well  found  a  diatoma- 
ceous  clay  at  640  feet,  and  at  790  an  exog}Ta  was  struck.  These 
wells  at  the  southwest  indicate  the  extension  of  the  same  beds 
and  the  same  water-horizons  through  eastern  Maryland  and  into 
Virginia  as  in  New  Jersey. 

In  the  northern  part  of  the  State  many  wells  have  been  bored 
in  the  drift  of  the  surface  formations  and  through  them  into  the 
underlying  rocks,  but  not  with  the  same  degree  of  success  as  in 
the  southern  part.  The  varying  result  of  these  experiments  in 
the  more  northern  Highlands,  and  in  the  crystalline-rocks  country 
has  not  led  to  the  genefal  use  of  this  system  of  water-supply, 
and  there  are  few  artesian  or  deep-bored  wells.  The  same  gen- 
eral statement  may  be  made  about  the  limestone  and  slate  rocks 
of  the  Hiofhlands  vallevs  and  of  the  sandstones  of  the  mountainous 
ranges.  There  are  few  wells  bored  in  them  and  they  do  not  give 
encouragement  to  the  deep  boring  for  water.  The  limestone, 
with  its  cavernous  features  and  its  irregular  water  system,  or  cir- 
culation of  water,  does  not  offer  much  hope  for  large  supplies  by 
means  of  deep  wells.     The  slate  belts  may  be  more  promising, 
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although  uncertain.  As  is  well  known,  the  slate-hill  country  is, 
famous  foriitsjuumerous  springs  and  its  many  brooks,  and  it  is 
to  be  expected  that  borings  in  the  slate  will  ultimately  strike 
water-horizons  and  make  good  wells. 

The  sandstones  offer  a  more  inviting  field  to  the  well-borer,  as 
they  are  in  places  open  and  coarse-grained  and  are  traversed  by 
systems  of  joints  and  fissures  open  to  the  circulation  of  the  subter- 
ranean waters.  In  the  sandstone  of  the  Newark  system  of 
rocks  (or  the  red  sandstone  of  the  Triassic  age),  there  are  many 
wells  which  yield  large  volumes  of  water,  particularly  in  the 
city  of  Newark  and  its  vicinity,  and  at  Passaic  and  Paterson. 
On  Bergen  Hill  and  in  the  trap-rock,  a  well  at  Fort  Lee,  at 
875  feet  passed  through  trap-rock  and  entered  a  shale,  but  with- 
out getting  a  satisfactory  flow  of  water.  At  the  Joseph  Dixon 
Cnicible  Company's  works  in  Jersey  City  the  boring  was  made 
through  the  sandstone  and  into  the  crystalline  micaceous  rocks 
underlying  the  sandstone.  It  is  reasonable  to  believe  that  there 
are  open  and  water-bearing  horizons  in  these  sandstones,  but  our 
scanty  data  do  not  show  them.  Further  exploration  in  well- 
borings  in  the  Triassic  sandstone  country'  is  greatly  wanted. 


TOPOGRAPHIC    WORK. 

The  topographic  work  has  been  continued  in  charge  of  Mr. 
C.  C.  Vermeule,  and  Mr.  P.  D.  Staats  has  been  his  field  assistant. 
The  drawings  for  photo-lithography  have  been  made  by  Mr.  J. 
R.  Prince,  and  also  some  photographs  of  interesting  topographic 
features  have  been  taken  by  him. 

The  field  work  has  included  the  extension  of  the  revision 
survey  about  Elizabeth,  Plainfield,  Railway  and  Perth  Amboy, 
in  the  northern  part  of  the  State,  and  about  Woodbury,  Med- 
ford  and  Mount  Holly,  in  the  southern  part. 

At  the  end  of  the  last  field  season  about  three  hundred  square 
miles  had  been  covered  by  this  revision  survey,  including  the 
Jersey  City,  Newark,  Paterson,  Hackensack  and  Camden  sheets. 
The  first  four  of  these  sheets  have  l^een  printed  ;  the  Camden 
sheet  is  nearly  ready  for  the  engraver.  The  field  work  of  the 
present  season  includes  the  Elizabeth,  Plainfield,  Amboy,  Wood- 
bury, Mount  Holly  and  Taunton  sheets,  and  an  area  of  about 
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400  square  miles,  making,  a  total  of  700  square  miles  which  has 
been  covered  by  the  new  topographic  survey. 

The  preparation  of  these  sheets  for  the  engraver  will  be  a  part 
of  the  office  work  for  the  coming  winter.  The  importance  of 
the  changes  in  the  highways,  railway  lines,  political  divisions, 
etc.,  which  have  taken  place  in  the  twelve  to  twenty-one  years 
since  the  topographical  survey  was  made,  is  more  and  more 
evident  as  the  work  progresses,  and  indicates  the  necessity  of  this 
revision  survey. 

The  scale  of  the  published  maps  of  the  new  series  is  one  inch 
for  2,000  feet,  or  about  two  and  a  half  times  that  of  the  maps  of 
the  old  series.  The  larger  scale  enables  us  to  make  the  neces- 
sary additions  and  corrections  and  an  advance  in  the  cartography 
of  the  State  by  more  accurate  delineation  and  the  addition  of 
important  details  which  could  not  be  shown  on  the  one-inch- 
scale  maps.  The  reproduction  by  photo-lithography  secures  the 
accuracy  of  the  original  drawing  made  under  the  direction  and 
watchfulness  of  the  topographer  of  the  Surv^ey  in  the  printed 
maps. 

The  sheets  of  the  topographical  atlas  on  the  one-inch  scale 
are  revised  from  time  to  time,  as  new  editions  are  called  for  to 
replace  the  depleted  stock.  About  all  that  can  be  done,  how- 
ever, is  to  add  the  new  steam  railroad  lines,  the  more  important 
changes  in  the  town  and  county  boundaries,  and  the  names  of 
new  places.  A  complete  revision  of  these  sheets,  so  as  to  bring 
them  up  to  date  in  all  respects,  would  be  impossible,  except  that 
they  were  re-engraved. 

Some  work  has  been  done  in  revisiting  the  areas  covered  by 
the  forest  surveys  in  the  Highlands  and  in  the  deforested  dis- 
tricts of  the  Raritan  valley.  The  preparation  of  the  forest  map 
of  the  northern  part  of  the  State  has  taken  some  time.  Other 
work  in  this  division  has  been,  as  heretofore,  the  preparation  of 
illustrations  for  the  Annual  Report  and  the  collection  of  material 
for  the  continuation  of  the  study  of  water-supply  from  wells 
which  was  begim  last  year. 
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DRAINAGE. 

The  general  drainage  laws  provide  for  the  improvement  and 
reclamation  of  the  wet  landsof  the  State,  both  tidal  or  salt  meadows 
and  wet  fresh-water  lands.  "  On  the  application  of  at  least  five 
owners  of  separate  lots  of  land,  included  in  any  tract  of  land  in 
this  State  which  is  subject  to  overflow  from  freshets,  or  which 
is  usually  in  a  low,  marshy,  boggy  or  wet  condition,''  the  Board 
of  Managers  of  the  Geological  Sur\^ey  is  authorized  to  make 
surveys  of  such  tract  or  tracts  and  to  adopt  a  system  of  drainage 
for  the  same.  The  plans  and  surveys  are  submitted  to  the 
Supreme  Court,  and  commissioners  to  do  the  work  are  appointed 
by  the  Court.  Under  these  drainage  laws  the  Pequest  meadows, 
in  Warren  county,  have  been  improved.  The  Passaic  drainage 
work,  which  was  begun  under  the  provisions  of  this  act,  has 
been  suspended,  for  want  of  funds,  since  1892.  The  following 
extract  from  our  last  Annual  Report  is  reprinted,  as  pertinent  to 
the  conditions  which  are  bearing  on  the  work  :  "  The  import- 
ance of  the  work  in  its  relations  to  the  lands  in  the  upper 
Passaic  valley,  subject  to  overflow,  in  the  improvement  of  the 
quality  of  the  water  of  the  Passaic  river  at  Little  Falls,  and  in 
the  betterment  of  the  sanitary  conditions  of  all  this  part  of  the 
State,  calls  for  immediate  attention  on  the  part  of  not  only  the 
landholders  and  residents  of  the  valley,  but  of  all  who  are  inter- 
ested in  the  promotion  of  the  public  health  and  the  prosperity 
of  the  [>eople  of  the  State.  It  is  not  merely  a  local  work  of 
improvement,  it  bears  the  approval  of  a  department  of  the  State 
in  its  plan,  and  a  State-appointed  commission  is  charged  with 
the  execution  of  the  plan.  The  work  must  te  done,  but  this 
long  delay  is  unfortunate  in  leaving  thousands  of  acres  of  rich 
meadows  to  be  wasted  yearly  by  floods,  in  spreading  malarial 
fevers  all  through  the  valley,  and  in  fouling  the  Passaic  river 
water  with  an  enormous  mass  of  decaying  vegetable  matter. 
*  •^-  *  Tiie  State  has  given  all  the  legislation  which  has  been 
asked,  and  the  courts  have  certified  to  the  constitutionality  of 
all  the  drainage  laws  which  were  eflective  in  the  case  of  the 
Peciuest  drainage,  where  conditions  were  similar  to  those  which 
prevail  in  this  valley."" 
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RECLAMATION   OF   THE    HACKENSACK   AND   NEWARK   MEADOWS. 

Reports  on  the  extent,  condition  and  plan  of  reclamation  ot 
these  meadows  were  published  in  the  Annual  Reports  for  1896 
and  1897.*  The  subject  was  referred  to  in  the  last  administrative 
report,  and  attention  was  called  to  the  fact  that  8,700  acres,  or 
nearly  one-third  of  the  total  area  of  27,000  acres,  were  within 
the  corporate  limits  of  Newark,  Jersey  City  and  Elizabeth,  and 
within  10  miles  of  New  York.  The  improvement  of  the  4,000 
acres  in  Newark  is  proposed,  and  the  legislation  for  doing  the 
work  is  adequate  and  comprehensive.  The  extension  of  the  city 
over  this  tract  to  the  deep  water  of  the  Staten  Island  sound  will 
be  made  possible  by  the  reclamation  work.  The  subject  is  pre- 
sented by  Mr.  Vermeule  in  a  paper  appended  to  this  report. 
The  depreciation  of  values  of  real  estate  near  the  meadows,  and 
the  increase  which  would  follow  from  the  reclamation,  are  strong 
arguments  for  the  work  of  improvement.  The  sanitary  benefits 
commend  it  not  only  to  the  owners  of  the  lands  to  be  drained, 
but  to  the  residents  of  the  adjacent  upland. 


FOREST   SURVEYS. 

The  Geological  Sur\'ey  has  been  engaged  in  the  investigation 
of  the  condition  and  extent  of  the  forests  of  the  State  since  1894. 
The  act  of  the  Legislature,  approved  May  ist,  1894,  provided  for 
the  surv^ey  of  the  forested  lands  of  the  State,  to  be  made  by  the 
State  Geologist,  under  the  direction  of  the  Board  of  Managers  of 
the  Geological  Survey,  and  assisted  by  a  competent  botanist  and 
expert  in  forestry.  The  leading  objects  of  this  survey  of  the 
wooded  lands  of  the  State  were  to  ascertain  their  extent,  char- 
acter and  location,  and  ^^  the  advantages  as  regards  timber-sup- 
ply, water-supply,  scenery  and  climate  of  the  State,  which 
would  accrue  from  the  conservation  of  existing  forests  '^  by  the 
establishment  of  a  State  forest  reservation,  and  the  preparation 
of  a  report  which  should  give  ^^an  outline  of  the  policy  and 
legislation  of  other  States  and  coimtries  for  the  presevation  of 

*  Annual  Report  cf  State  Geologist  for  1896,  pp.  287-309;  and  Annual  Report  of  State  Geologist  for 
«897»PP-  ^7-3«3. 
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forests  and  their  regulation  for  public  ends  so  far  as  the  same 
may  be  applicable  to  this  State." 

Reports  on  the  progress  of  the  work  and  papers  on  forestry 
have  been  published  in  the  annual  reports  of  the  Survey.* 

Mr.  Gifford  Pinchot  (Chief  of  the  Division  of  Forestr>%  U.  S. 
Department  of  Agriculture)  surveyed  the  southern  part  of  the 
State,  and  his  report  on  the  subject  of  "  Forest  Fires  and  Wood 
Production  in  Southern  New  Jersey  '^  was  published  as  an 
appendix  to  the  last  annual  report  of  the  State  Geologist.  The 
same  report  contains  an  important  paper  by  Mr.  C.  C.  Vermeule, 
Topographer  of  the  Survey,  entitled  **  The  Pine  Belt  of  Southern 
New  Jersey  and  Water-Supply." 

During  the  last  field  season  Mr.  Vermeule  had  charge  of  the 
work  of  revising  the  map  of  the  forests  in  the  Highlands  and  pre- 
paring it  for  publication.  He  has  given  some  time  to  the  exam- 
ination of  the  questions  of  forests  and  water-supply  and  forests 
and  rain-fall,  particularly  with  reference  to  the  water-sheds  of 
the  Highlands,  from  which  district  the  large  supplies  for  all  of 
the  cities  of  the  northegLStern  part  of  the  State  must  be  obtained. 
The  great  importance  of  the  subject  of  water-supply  has. sug- 
gested the  preparation  of  the  forest  map  of  the  Highlands.  The 
general  condition  of  the  forests  of  the  State  also  has  been  studied 
by  Mr.  Vermeule,  and  the  results  have  been  given  in  his  report, 
which  is  incorporated  in  the  Report  on  Forestrx'.  Some  work 
has  been  done  by  Mr.  Staats,  under  the  direction  of  Mr.  Ver- 
meule, in  ascertaining  the  changes  in  the  area  of  woodland  in 
the  valley  of  the  Raritan  river,  in  Somerset  and  Hunterdon 
counties. 

The  question  of  fires  in  the  forest  and  the  methods  of  protec- 
tion, particularly  in  the  southern  part  of  the  State,  have  been 
studied,  and  Prof  John  Gifford,  of  the  New  York  College  of 
Forestry,  at  Cornell  University,  Ithaca,  formerly  connected  with 

^Annual  Report,  State  Cwtologist  for  i8q4,  /»/♦.  223-286  —Report  on  Forestry  in  the  Northern  Part 
of  the  State,  by  C.  C.  Vermeule,  and  Preliminary  Report  on  the  Forest  Conditions  of  h;outh  Jersey,  by 
John  Gifford. 

Annual  Report,  State  Geologist  /or  i8q5,  //.  97- /5<S.— Report  on  Forestry  in  Northern  Ne*  Jersey, 
by  C.  C.  Vermeule;  Report  on  Forest  Fires  for  season  of  1895,  by  John  Gifford;  and  Notes  on  the 
t'orests  of  New  Jersey,  by  Gifford  Pinchot. 

Annual  Report,  Stale  Geologist  for  /5<?6,//.jj7-j6j.— Notes  Collected  during  a  Visit  to  the  Foresu 
of  Holland,  Germany,  Switzerland  and  France,  by  John  Gifford. 

Annual  Re  fort.  State  Geologist  /or  iSqS,  ff.  fSj-iQJ,  and  Affendix,  ff.  /■/02.— The  Pine  Belt 
of  Souihcrn  New  Jersey  and  Water-Supply,  by  C.  C,  Vermeule  ;  and  A  Study  of  Forest  Fires  and  Wood 
Prodiiciion,  by  Gifford  Pinchot, 
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the  Survey,  has  prepared  a  report  on  **  Silviculture  and  Forest 
Protection  in  Europe  and  the  Relation  of  European  Methods  to 
Conditions  in  New  Jersey."  He  gives  most  interesting  notes  on 
his  observations  of  the  forests  in  France,  Germany,  Holland, 
Belgium  and  Denmark,  and  shows  the  directions  in  which  they 
are  suggestive  to  the  land-owners  and  managers  of  woodland  in 
New  Jersey,  and  also  some  of  the  points  in  their  management, 
which  are  not  adapted  to  conditions  as  existing  here,  particularly 
in  the  southern  part  of  the  State.  On  the  question  of  forest  pro- 
tection he  has  reached  the  conclusion  that  a  system  of  fire-lanes, 
or  State  roads,  which  may  answer  the  same  ends  in  affording  a 
fighting  line  or  a  barrier  to  the  movement  of  fires,  is  the  most 
effective  and  at  the  same  time  practicable.  He  cites  the  new 
State  road  from  Camden  to  Atlantic  City  as  being  in  effect  a  fire- 
lane,  across  which  no  forest  fires  have  spread.  His  report  will 
appear  in  full  in  the  Report  on  Forestry. 

The  legislation  of  the  year  on  forest  protection  has  consisted 
of  three  sections  in  the  general  act  concerning  townships.  These 
sections  permit  of  the  raising  of  money  by  each  township  for  the 
necessary  expenses  attending  the  work  of  subduing  fires  in  the 
woods,  the  appointment  of  a  fire  warden,  and  the  preparation  of 
maps  showing  the  forest  lands  and  the  lines  of  railroad  and 
wagon-roads.  The  Geological  Surv^ey  is  prepared  to  furnish 
maps  showing  these  lines  and  the  forest  areas  in  all  the  town- 
ships of  the  State.  It  now  remains  for  the  local  authorities  to 
put  the  act  in  force,  in  so  far  as  it  relates  to  forest  protection,  by 
making  an  appropriation  of  money  for  the  work,  and  by  appoint- 
ing fire  w^ardens.  The  following  extract  from  this  act  is  here 
inserted  : 
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CHAPTER  169. 

An  Act  concerning  townships  [Revision  of  one  thousand  eight 

hundred  and  ninety-nine]. 

Approved  March  34th,  1899. 

Be  IT  ENACTED  by  the  Senate  a  fid  General  Assembly  of  the 
State  of  New  Jersey  : 


* 


FOREST   FIRES. 

54.  In  any  township  where  any  sum  of  money  shall  be  raised 
to  defray  the  expenses  of  fighting  and  extinguishing  forest  fires, 
it  shall  be  the  duty  of  the  township  committee,  at  its  next  meet- 
ing after  such  sum  shall  have  been  ordered  raised,  to  appoint  a 
suitable  person,  being  a  resident  of  said  township,  to  act  as  fire 
marshal  thereof,  and  at  the  same  time  to  determine  the  amount 
of  compensation  per  diem  to  be  paid  such  fire  marshal  when  in 
the  active  performance  of  his  duties  ;  upon  notice  from  the  per- 
son so  appointed  of  the  acceptance  of  the  said  office  the  said 
township  committee  shall  immediately  issue  to  him  a  certificate 
of  his  appointment  under  their  hands ;  after  receiving  his  cer- 
tificate of  appointment  he  shall  have  the  power  to  designate  a 
proper  person  to  act  as  his  deputy  in  case  of  his  absence  or  disa- 
bility from  any  cause,  and  the  said  deputy  shall,  while  engaged 
in  the  active  duties  of  the  said  office,  receive  the  same  compen- 
sation per  diem  as  his  chief. 

55.  It  shall  be  the  duty  of  said  marshal,  on  being  apprised  of 
the  existence  of  any  forest  fire,  either  in  his  own  township  or  in 
any  adjoining  township,  by  which  the  safety  of  any  property  in 
his  own  township  may  be  imperiled,  to  assume  absolute  direc- 
tion and  control  of  all  operations  to  be  undertaken  within  the 
bounds  of  his  own  township  for  the  extini^uishing  or  prevention 
of  the  spread  thereof;  he  shall  have  power  during  the  continu- 
ance of  such  fire  to  appoint  as  many  persons  to  act  as  aids  in 
carrying  out  his  instructions  as  he  may  deem  necessary,  and  all 
persons  present  who  may  Ix?  actively  engaged  in  subduing  such 
fire  shall  act  solely  according  to  his  orders  and   those  of   his 
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authorized  aids ;  he  shall  keep  an  account  of  the  persons  so 
appointed  by  him  as  aids,  and  of  all  other  persons  actively 
engaged  in  fighting  such  fires,  together  with  the  time  during 
which  they  are  employed,  and  in  a  reasonable  time  after  such 
fire  shall  have  been  extinguished  he  shall  report  said  account  to 
the  township  committee,  who  shall  have  power  to  make  reason- 
able compensation  for  such  services  out  of  any  moneys  that  may 
have  been  appropriated  therefor ;  if  in  the  judgment  of  the  said 
marshal  a  forest  fire  in  an  adjoining  township  shall  imperil  the 
safety  of  any  property  in  his  own  township,  he  may,  with  his 
aids  appointed  as  aforesaid,  and  with  such  other  persons  as  he 
may  employ,  render  such  assistance  as  he  may  think  necessary 
for  the  extinguishment  and  prevention  of  the  spread  of  said  fire, 
and  any  assistance  given  him  in  such  service  shall  be  reported  to, 
and  paid  for  by,  the  township  committee  of  his  own  township  in 
like  manner  as  aforesaid. 

56.  The  township  committee  may  cause  to  be  made  an  accu- 
rate map  or  maps  of  such  portions  of  the  forest  lands  of  their 
township  as  may  be  subject  to  damage  by  fires,  with  such  rail- 
roads and  public  and  private  roads  delineated  thereon  as  they 
may  deem  necessary,  and  shall  cause  to  be  made  whatever  sur- 
veys and  measurements  are  necessary  for  the  proper  completion 
of  said  maps ;  one  copy  thereof  shall  be  filed  with  the  township 
clerk,  and  so  many  copies  of  the  same  shall  be  furnished  to  the 
fire  marshal  as  the  said  committee  shall  deem  advisable. 

The  Geological  Surv^ey  has  indicated  in  the  Report  on 
Forestry  and  on  its  forest  maps  the  location  and  extent  of  the 
several  large  forested  districts  of  the  State  and  their  relations  to 
the  available  water-supply  for  the  use  of  our  cities  and  towns, 
and  the  advantages  accruing  from  the  establishment  of  State 
forest  reservations  have  been  given  in  this  report.  The  forests 
in  the  Highlands  are  to  some  extent  locally  protected  by  indi- 
vidual owners,  who  appreciate  their  value  as  features  of  the 
scenery,  as  private  parks  and  game  preserves,  and  in  some  cases 
for  the  timber  which  is  produced.  The  management  is  in  places 
conservative  and  in  some  degree  silvicultural.  The  crop  of  tim- 
ber is  cut  so  as  to  be  profitable.  That  the  management  gener- 
ally might  be  made  to  follow  the  methods  of  scientific  silvicul- 
ture or  timber-culture  and  be  more  profitable  than  it  is  now  is 
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probably  correct,  but  in  the  absence  of  trained  foresters  an<i 
under  the  existing  conditions  of  high  taxes  and  the  necessity  for 
income  within  short  time  limits,  changes  of  this  kind  are  hardly 
possible  at  once.  What  is  needed  is  a  forest  experiment  station 
or  reservation,  which  may  be  the  property  of  the  State  or  an 
educational  institution,  where  the  practicable  methods  of  tree 
planting  or  silviculture  and  of  timber-cutting  and  marketing  can 
be  studied  by  land-owners  and  managers. 

The  protection  of  the  timbered  hillsides  and  mountains  of  the 
Highlands  is  necessary  to  the  prevention  of  too  rapid  discharge 
of  floods  and  the  transportation  of  earthy  matters  from  the  bared 
ground.  Ultimatel}'  a  State  forest  reservation  may  be  desirable 
as  a  means  of  protecting  these  water-sheds. 

The  Kittatinny  mountain  is  another  woodland  belt  which  may 
become  a  desirable  reservation  in  order  to  prevent  forest  fires. 

The  Palisades  range  is  notable  for  its  old  timber  and  the  large 
tracts  of  woodland,  on  the  Hudson  river  and  so  near  New  York 
city.  Its  situation  makes  it  valuable  far  in  excess  of  the  timber 
as  a  crop,  and  the  question  of  preserv^ation  is  in  the  adaptation 
to  sites  for  suburban  parks  or  recreation  groimds. 

The  remaining  large  area  of  forest  is  the  pine  belt  of  the 
southeastern  part  of  the  State.  It  has  been  over-run  by  fires  and 
the  valuable  old  timber  has  been  nearly  all  cut,  leaving  broad 
stretches  of  brush-land  and  fire-scarred  plains,  and  the  value  of 
the  whole  as  timber-producing  is  so  little  that  a  forest  reser\'a- 
tion  for  the  wood  alone  would  be  a  source  of  expense.  The 
water-supply  in  it  is  its  most  important  asset. 

THE    MINING    INDUSTRY. 

The  report  on  the  iron  mines  of  the  State  has  been  prepared 
by  Mr.  George  E.  Jenkins.  He  visited  the  several  mining  dis- 
tricts and  collected  data  about  the  mines — their  extent  of  work- 
ings, depth,  equipment,  nature  of  ore,  statistics  of  output  and 
names  of  owner  or  lessee.  This  information  is  given  in  the 
report.  The  statistics  of  iron  ore,  shipped  from  stations  in  New 
Jersey  over  the  several  railway  lines,  are  given  on  pages 

The  remarkable  advance  in  the  price  of  iron  ore  and  the 
increasing  demand  have  stimulated  the  working  of  the  mines 
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which  were  in  operation  last  year  and  during  the  period  of 
depression  in  the  business,  and  their  output  has  been  larger  than 
it  was  last  year.  Many  of  the  mines  which  had  been  closed  on 
account  of  low  prices  and  slack  demand  for  ore  have  been 
re-opened.  There  have  been  some  important  changes  in  manage- 
ment and  some  new  companies  have  engaged  in  the  business  of 
mining.  The  inquiry  for  new  localities  also  has  been  noted, 
and  many  letters  have  been  received  at  the  office  of  the  Surv^ey, 
asking  information  about  mines  and  new  ore  localities.  At  the 
end  of  the  year  nearly  all  of  the  large  and  historic  mines  were 
either  being  worked  or  were  being  re-opened  with  a  view  to 
early  production. 

The  question  of  concentrating  lean  ores  on  a  large  scale  has 
received  close  attention,  and  the  concentrating  plant  at  Hiber- 
nia  has  been  at  work  nearly  the  whole  year  on  the  lean  refuse 
from  the  Hibernia  vein  and  on  Beach  Glen  mine  ore.  The 
Edison  works  also  have  been  at  work  a  part  of  the  time. 

The  total  shipments  for  the  year  amount  to  300,757  tons,  an 
excess  of  25,379  tons  above  the  aggregate  production  for  1898. 

The  revival  in  the  iron  trade  and  the  active  demand  for  iron 
ore  make  the  report  of  value  and  warrant  the  belief  that  the 
iron-mining  industry  of  New  Jersey  has  entered  a  period  of 
prosperity  comparable  to  any  in  its  histor>',  marked  by  a  sub- 
stantial character  and  lacking  some  of  the  elements  of  excessive 
stimulation  which  were  so  evident  in  1879,  after  the  depression 
of  1873-79.  The  excellence  of  the  ores,  the  large  size  of  the 
ore-shoots,  the  nearness  of  the  mines  to  the  great  manufacturing 
industrial  centers  and  to  the  great  markets,  and  the  location,  on 
or  near  the  great  lines  of  transportation,  are  conditions  favoring 
the  steady  continuance  of  this  activity  in  iron  mining. 

The  operations  of  the  year  have  been  all  in  the  magnetic  iron 
ore  and  no  attempt  has  been  made  to  re-open  the  hematite  mines. 

For  descriptive  notes  on  the  iron  mines  of  the  State  reference 
may  be  given  to  the  Annual  Reports  for  the  year  1890,  and  suc- 
ceeding years,  as  also  to  the  ^^  Geology  of  New  Jersey,''  1868, 
and  the  earlier  annuals. 
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COPPER   MINING. 

A  short  report  on  some  of  the  copper  mines  and  copper  ores 
of  the  State  has  been  prepared  by  Mr.  Kiimmel.  The  re-open- 
ing of  the  old  Schuyler  mine,  near  Arlington,  in  Essex  count>', 
marks  a  noteworthy  epoch  in  the  histor\'  of  the  oldest  copper 
mine  of  the  State  of  which  there  is  accurate  historical  record.* 

CHEMICAL  W^ORK. 

The  chemical  investigations  and  analyses  have  been  made  by 
Prof  William  S.  Myers,  of  New  Brunswick.  They  have  been 
examinations  of  minerals,  rocks  and  ores  in  order  to  the  deter- 
mination of  the  species  and,  in  a  few  cases,  to  ascertain  the 
metallic  percentages  and  the  value  of  the  specimens  for  use  in 
the  arts.  In  addition  to  the  regular  work  of  chemical  analyses, 
Professor  Myers  has  made  a  beginning  in  the  investigation  of 
the  amount  of  chlorine  in  the  natural  waters  of  the  State.  Sam- 
ples of  water  have  been  collected  by  the  members  of  the  Sur\''ey 
staff,  from  artesian  wells  in  the  southern  part  of  the  State,  from 
springs,  lakes  and  rivers,  and  from  the  sources  of  supply  of  all 
the  large  cities  of  the  State.  The  total  solid  matters  and  the 
amount  of  chlorine  have  been  detennined  in  these  samples, 
representing  the  waters  of  the  natural  sources  of  supply.  The 
results  are  given  in  the  report  of  Professor  Myers.  They  indi- 
cate the  decrease  in  the  chlorine  content  going  from  the  ocean 
northwest  and  west,  as  would  be  anticipated,  as  the  sources  are 
further  from  the  salt  waters  of  the  ocean  and  the  tidal  bavs  and 
sounds  of  the  coastal  part  of  the  State.  It  is  proposed  to  have  a 
map  made  to  show  the  amount  of  the  chlorine  which  marks 
the  natural  waters  in  the  several  districts  of  the  State. 

The  usefulness  of  a  chlorine  map  will  be  evident  in  the  com- 
parison which  it  will  enable  the  chemist  to  make  between  the 
normal  percentage  and  that  found  in  any  given  sample  and  to 
decide  at  once  as  to  the  purity  of  the  water.  The  excess  of 
chlorine  will  indicate  the  probable  pollution  by  sewage  and  sug- 

*  The  earliest  mining  for  copper  ore  in  the  State  was  probably  done  by  the  Dutch  official  authorities 
in  the  valley  of  the  Delaware  river  and  in  Fahaquarry.  The  working  there  was  about  the  middle  of  the 
seventeenth  century  and  the  mines  were  connected  by  the  "  mines  road,"  with  the  settlements  on  the 
Hudson  river  at  Esopus  (now  Kingston) 
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gest  further  tests.  Such  a  map  will  be  a  guide  of  service  to  the 
water-analyst,  and  afford  a  safe  criterion  for  judgment  as  to  the 
purity  and  healthfulness  of  the  waters  which  are  used  for 
domestic  purposes.  Massachusetts  has  a  map  of  this  kind  and 
New  Jersey  has  a  large  part  of  the  data  ready  for  constructing 
such  a  map.  Another  season's  work  will  give  enough  additional 
information  to  allow  of  its  preparation  and  publication. 

GEOLOGICAL   ROOMS. 

The  collections  of  minerals,  rocks,  ores,  clays,  marls  and  other 
economic  products  which  occur  naturally  in  the  State  are  arranged 
in  the  museum-room  in  the  rear  extension  building  of  the  State 
House,  and  adjacent  to  the  office  of  the  Survey.  They  are  in  wall- 
cases  and  in  table-cases,  and,  in  part,  in  drawers  in  drawer-cases. 
Additions  are  made  by  members  of  the  Survey  staff  collecting  in 
the  field  in  course  of  geological  work,  and  by  the  gifts  of  friends. 
The  mineralogical  collection  is  in  the  care  of  Professor  A.  H. 
Chester,  of  New  Brunswick,  and  it  attracts  the  attention  of  all 
the  \'isitors  to  the  Museum.  Although  representative  of  the 
species  which  are  found  in  the  State,  it  lacks  the  fullness  of 
localities  which  is  desirable  in  a  State  collection.  All  the  local- 
ities should  be  represented  by  specimens,  so  as  to  make  a  com- 
plete showing  of  the  occurrence  of  minerals.  Many  of  the  speci- 
mens in  the  exhibition-cases  are  poor,  and  unworthy  a  place  in 
such  a  collection,  and  the  replacement  by  good  specimens  is 
necessary  to  a  creditable  exhibition  of  the  beautiful  minerals  of 
New  Jersey. 

The  paleontological  collections  are  shown  in  part  only,  and 
the  type  specimens  of  the  greensand  marl  formations  are  packed 
in  boxes  in  the  basement,  for  want  of  room  for  their  proper 
exhibition. 

The  collections  of  the  industrial  arts  are  shown  in  part  only 
because  of  want  of  room.  An  increase  in  the  number  of  these 
economic  art  products  would  be  easy  were  there  space  in  which 
to  exhibit  them.  The  value  of  these  collections  of  manufacturing 
industry'  by  the  side  of  the  raw  products  and  materials  occurring 
naturally  in  the  State  needs  no  argument  here. 

Arrangements  for  a  new  and  larger  collection  of  the  woods  of 
the  State  have  been  made,  and  those  which  are  native  in  the 
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southern  part  have  been  promised  by  a  friend  of  the  Surv^ey  and 
botanist,  Mr.  Benjamin  Heritage,  of  Mickleton,  Gloucester 
county. 

Several  maps  of  the  State  have  been  mounted  and  hung  on 
the  walls  near  the  door.  They  make  an  interesting  series,  his- 
torically. 

The  number  of  visitors  to  the  museum-room  is  increasing 
each  year,  and  the  earnest  efforts  of  the  enthusiastic  Curator  of 
the  State  Museum  have  contributed  greatly  to  the  general 
interest  in  the  exhibition  and  in  the  appreciation  of  the  collec- 
tions. Nearly  all  of  the  visitors  to  the  State  capital  visit  the 
museum.  The  infonnation  which  is  given  in  this  way  is,  to 
some  extent,  educational,  but  much  more  could  be  given,  and  in 
an  instructive  as  well  as  pleasing  manner,  if  there  was  more 
space  for  the  proper  exhibition  of  the  material  now  in  the  col- 
lections and  additional  synoptic  and  general  collections  illus- 
trating the  general  principles  of  science  and  art  as  well  as  the 
more  special  collections  of  the  State.  Additional  room  is 
proposed  in  the  projected  extension  of  this  part  of  the  State 
House. 

LIBRARY. 

The  books  of  the  librar}-  of  the  Survey  are  in  part  arranged 
in  two  3mall  wall-cases  in  the  office.  Many  of  the  bound  vol- 
umes and  all  of  the  unboimd  books  and  pamphlets  are  stored  in 
boxes  in  the  basement  of  the  State  House.  The  additions  are 
mainly  through  the  exchange  of  the  publications  of  the  Survey 
with  scientific  societies  and  other  State  and  national  geological 
surveys.  A  few  hand-books  and  works  of  general  reference 
are  bought  as  needed.  The  increase  during  the  year  has  been 
much  larger  than  in  any  year  of  the  Survey's  history,  and  has 
suggested  the  necessity  of  a  card  catalogue,  which  is  being  pre- 
pared by  Mr.  Kummel.  On  account  of  the  incomplete  state  of 
many  of  the  series  of  reports,  in  some  cases  represented  by  a 
single  volume  only,  there  is  urgent  necessity  for  effort  to  fill 
these  large  gaps,  and  hence  additions  by  exchanges  and  dona- 
tions of  books  are  greatly  desired.  The  proposed  alteration  of 
the  State  House  and  more  room  will  allow  of  the  location  of 
the  library  in  the  geological  rooms  convenient  for  use. 
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PUBLICATIONS. 

The  Annual  Report  for  1898  and  four  topographic  maps,  viz., 
Newark,  Jersey  City,  Hackensack  and  Paterson  sheets,  are  the 
publications  of  the  year. 

The  work  of  distributing  the  publications  of  the  Survey 
increases  from  year  to  year  and  is  recognized  as  important  and 
valuable  in  putting  the  results  of  the  studies  and  surveys  of  the 
workers  promptly  in  the  hands  of  the  people  of  the  vState,  and 
in  libraries  and  educational  institutions  generally  throughout 
the  United  States.  The  public  schools  of  the  State  are  recip- 
ients of  the  volumes  of  the  series  of  Reports  on  the  Topography, 
Geology  and  Natural  History  of  the  State.  During  the  year 
the  distribution  of  Volume  IV,  on  the  Physical  Geography  of 
the  State,  has  been  completed.  The  relief  map  of  New  Jersey, 
on  the  scale  of  one  inch  to  three  miles,  which  accompanies  this 
volume,  has  been  sent,  mounted  on  rollers,  to  all  the  schools. 
The  work  has  been  done  by  the  Department  of  Public  Instruc- 
tion and  by  Mr.  Herbert  N.  Morse,  of  that  department.  The 
educational  value  of  the  map  and  of  the  **  Physical  Geograplu'  *' 
of  the  State  is  recognized  by  the  best  teachers  of  geography  and 
is  demonstrated  by  the  demand  for  additional  copies  in  order 
to  have  them  not  only  in  all  the  schools  of  the  State,  but  in 
several  school-rooms  in  each  high-school  in  the  larger  towns  and 
cities. 

The  distribution  of  the  topographical  atlas  of  the  State,  in 
sheets,  backed  and  with  inset  eyelets  for  hanging  on  a  wall,  has 
been  in  progress,  and  many  sets  of  these  maps  have  been  sent  to 
the  public  schools  on  the  order  of  the  superintendent  of  public 
instruction.  The  Geological  Surv^ey  is  the  custodian  of  the 
stock.  A  large  part  of  the  edition  has  been  distributed,  and  the 
purpose  of  the  legislative  act  has  been  fulfilled  in  placing  them 
in  the  schools  throughout  the  State.  The  remaining  copies  will 
answer  the  demand  for  new  copies  to  replace  those  worn  out  or 
out  of  repair,  or  which  may  have  been  lost. 


APPENDIX, 


Report  on  the  Surface  Formations* 


By  ROULIN  D.  SALISBURY. 


The  survey  of  the  surface  formations  has  now  been  extended 
over  the  whole  State,  and  the  only  further  field  work  which  will 
be  necessar}'  will  be  a  review  of  the  work  in  certain  portions  of 
the  State  in  advance  of  the  publication  of  the  maps.  The  study 
of  these  formations  has  been  carried  to  a  considerable  degree  of 
detail,  except  in  the  sandy,  pine-covered  areas  of  the  southern 
part  of  the  State.  In  this  unbroken  belt  the  lack  of  detail  was 
deemed  advisable,  both  because  of  the  lesser  importance  of  the  • 
work  in  this  region,  and  because  data  for  detailed  work  could 
not  be  obtained  without  great,  and  what  was  regarded  as  unwar- 
ranted, expense. 

Not  onlv  has  the  work  been  done  in  much  detail,  but  it  has 
been  done  for  the  most  part  without  established  standards,  for 
no  such  detailed  work  on  the  surface  formations  has  been  under- 
ta.ken  by  any  other  State  survey.  The  geographic  position  of 
New  Jersey  has  perhaps  rendered  work  of  this  sort  especially 
important,  for  within  its  area  lies  the  junction  of  the  Coastal 
plain  with  the  Piedmont  plateau,  and  the  junction  of  the 
glaciated  area  with  the  unglaciated.  This  position  makes  it  in 
some  ways  a  critical  and  important  area  in  the  study  of  surface 
formations,  for  nowhere  in  geology  has  there  been  less  satis- 
factory^ correlation  than  in  the  surface  formations  of  the  north 
and  the  south,  and  of  the  uplands  and  lowlands. 

Many  of  the  results  of  the  survey  have  been  published  from 
time  to  time  in  the  Annual  Reports  from  1891  to  1898.  It  now 
remains  to  publish  the  imified  results.  These  publications  will 
take  the  fonn  both  of  maps  and  of  descriptive  and  interpretative 
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matter.  In  the  publication  of  the  maps  it  is  thought  best  not 
to  use  the  old  topographic  sheets,  which  overlap  to  such  an 
extent  as  to  nearly  cover  the  area  of  the  State  twice,  but  to  use 
a  new  base  of  smaller  maps  which  do  not  overlap.  A  ver}-  con- 
siderable saving  in  the  expense  of  publication  will  thus  be 
effected,  besides  providing  maps  of  more  convenient  size. 

It  is  very  desirable  that,  with  the  maps  showing  the  surface 
geolog}',  maps  of  the  sub-surface  geolog\'  should  be  issued,  so 
that  the  relations  of  the  surface  and  luider-geology  shall  be  made 
clear.  Before  these  latter  maps  can  be  issued,  some  further  field 
work  will  need  to  be  done,  but  a  good  beginning  has  already 
been  made.  The  necessarv  work  on  the  Triassic  svstem  has 
alreadv  been  done  bv  Dr.  Kiimmel ;  work  on  the  Paleozoic 
systems  has  been  begun  by  Dr.  Kiimmel  and  Mr.  Weller,  and  on 
the  yoiuiger  systems  by  Mr.  Knapp.  The  work  on  these  forma- 
tions should  be  prosecuted  as  rapidly  as  practicable.  When  it  is 
completed,  a  new  and  complete  map  of  the  geology*  of  the  State 
will  replace  the  old  preliminary  map  which  was  made  before  the 
topographic  survey  of  the  State  had  given  an  accurate  base  for 
detailed  work.  The  simultaneous  publication  of  these  two  sets 
of  geological  maps  will  be  of  great  value  to  the  State  and  to 
geology  in  general. 

The  publication  of  these  maps  should  l>e  begun  as  soon  as 
possible  and  pushed  as  rapidly  as  conditions  permit,  but  before 
the  maps  for  any  given  area  are  issued,  the  topographic  base 
should  be  revised.  This  revision,  already  in  progress,  is 
especially  necessary  in  two  classes  of  areas,  namely,  those  where 
the  surface  has  been  gieatly  changed  by  culture  since  the  publi- 
cation of  the  original  tojx^graphic  .maps,  and  those  where  the 
outline  of  the  land  has  been  notably  altered  by  the  action  of 
waves  and  currents,  as  along  the  coast  from  Sandy  Hook  to  Cape 
May. 

The  text  on  the  surface  geology  of  the  State  will  appear  in 
two  volumes,  one  on  the  glaciated  area  of  the  north,  and  one  on 
the  area  south  of  the  glacial  drift.  These  reports  may  precede 
the  publication  of  the  full  series  of  maps,  but  the  early  sheets  of 
the  latter  should  accompany  the  reports.  It  will  l^e  the  purpose 
of  these  reports  to  set  forth  the  history  of  the  surface  of  the  State 
in  such  a  manner  that  it  will  be  intelligible  to  those  who  have 
had  no  technical  education  in  geology. 


Report  on  Reclamation  of  Hackensack  and 

Newark  Meadows* 


By  C  C  VERMEULE. 


There  has  been  no  falHng-off  of  public  interest  in  this  pro- 
jected improvement.  The  demand  for  the  reports  treating  of  the 
subject  has  continned  and  there  is  no  doubt  that  they  have 
attained  their  object  by  bringing  prominently  before  the  people 
the  need  of  some  action,  and  by  concentrating  upon  the  problem 
the  thoughts  of  many  capable  minds.  The  city  of  Newark  has 
taken  up  the  matter  in  a  way  which  seems  practical  and  promis- 
ing of  some  tangible  results.  An  act  of  the  Legislature  was 
passed  last  winter  which  enabled  the  city  to  proceed  to  reclaim 
the  4,000  acres  of  tide-marsh  within  her  limits  and  assess  the 
cost  upon  the  land  drained  in  much  the  same  manner  as  is  done 
in  building  sewers  and  in  other  municipal  improvements.  Pro- 
ceeding under  this  act  the  Board  of  Street  and  Water  Commis- 
sioners advertised  for  plans  and  proposals,  and  at  the  same  time 
the  Board  of  Trade,  which  has  actively  promoted  such  improve- 
ment for  several  years,  offered  prizes  for  the  best  plans  which 
should  be  submitted.  In  July  several  plans  were  offered  in  re- 
sponse to  the  advertisement.  The  range  of  prices  was  large, 
var>'ing  with  the  plan,  but  it  was  evident  that  a  practical  plan^ 
which  would  render  the  marsh  suitable  for  city  occupation,  could 
be  carried  out  at  a  contract  cost  not  exceeding  $300  per  acre,  an 
amount  which,  when  compared  with  the  selling  price  of  city  lots 
in  Newark,  is  ver>^  small.  The  plans  were  first  referred  to  a 
committee  appointed  by  the  Board  of  Trade  and  Board  of  Street 
and  Water  Commissioners  for  a  report  upon  the  merits  of  the 
plans.  This  committee  has  not  yet  reported.  It  will  report  to 
the  Board  of  Trade  and  the  whole  matter  will  then  be  referred 
back  to  the  Board  of  Street  and  Water  Commissioners  for  fur- 
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ther  action.     If  a  contract  is  awarded  the  work  will  proceed  in 
the  spring. 

There  is  a  wide  range  in  the  character  and  cost  of  the  drain- 
age work,  according  to  the  uses  to  which  the  land  is  to  be  put. 
In  the  report  for  1897  it  was  estimated  that  the  drainage  of  the 
marshes  to  such  an  extent  as  would  render  them  sanitars^  and 
adapt  them  for  agricultural  purposes — keeping  the  water-level 
some  three  feet  below  the  level  of  the  land — would  not  exceed 
$2,500,000  for  the  entire  27,000  acres,  including  all  expenses  of 
every   kind.     This   is   undoubtedly  a  liberal   estimate,  and   it 
amounts  to  $93  per  acre.     Leaving  out  cost  of  land  and  admin- 
istrative expenses,  the  cost,  including  pumping-plant,  was  given 
at  $50.75  per  acre.     This  is  but  one-sixth  the  cost  of  drainage  for 
city  purposes  as  ascertained  in  the  case  of  Newark.     The  reason 
for  this  is  foimd  in  the  more  exacting  requirements,  mainly  in  the 
larger  quantity  of  water  to  be  cared  for.     If  the  use  of  the  marsh 
is  mainly  agricultural,  it  will  continue  to  absorb  water  in  case 
of  sudden  heavy  storms,  so  that  the  maximum  run-off  to  be  taken 
care  of  in  the  pumping-plants  will  be  at  a  moderate  rate.     In 
the  report  for  1896,  page  297,  it  was  estimated  that  this  would 
in  no  case  exceed  33,000  gallons  per  acre  in  24  hours,  or  1,375 
gallons  hourly,  but  in  the   case  of  Newark  the   specifications 
required  that  the  water  should  be  maintained  in  all  parts  of  the 
marsh  at  least  six  feet  below  the  land   surface,  and  that  the 
pumping-plants  and  ditches  should  have  a  capacity  to  discharge 
900  cubic  feet,  or  6,750  gallons,  per  acre  hourly.     This  larger 
discharge  was  necessary  because,  when  all  the  water  should  be 
confined  to  the  ditches  and  the  whole  area  carefullv  drained,  the 
streets  paved  and  houses  built,  the  discharge  of  water  would  be 
much  more  sudden  and  violent.     Then,  too,  there  was  a  large 
inflow  to  the  marshes  from   the   upland   portion  of  the   city. 
These  requirements,  while  they  were  all  proper  and  necessar}' 
in  that   case,   made  deeper  and  wider   ditches   necessary*,  and 
called  for  a  pumping-plant,  for  the  4,000  acres  of  marsh,  having 
an  aggregate  capacity  of  47,700,000  gallons  hourly  on   10  feet 
lift,  and  3,200  horse-power  will  be  required  to  operate  it. 

The  accomplishment  of  this  work  will  enable  Newark  to 
occupy  a  space  now  needed  for  her  proper  growth  and  develop- 
ment.    The  southernmost  water-front  of  the  citv  is  now  onlv 
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oue  mile  distant  from  a  channel  having  a  depth  of  24  feet  out  to 
the  ocean.  When  the  meadows  have  been  improved  so  that  the 
city  can  reach  and  occupy  this  water-front,  it  will  be  a  simple 
matter  to  have  this  channel  extended  up  to  the  Newark  and 
New  York  railroad  bridge,  so  that  vessels  of  22  feet  draft  can 
come  up  to  the  wharves  at  all  tides.  At  present  there  is  only 
about  10  feet  of  depth  at  low  tide  up  to  the  wharves  on  the  Pas- 
saic. It  is  believed  that  the  opportunity  to  obtain  more  space 
and  cheaper  land  on  the  improved  meadows — with  better  ship- 
ping facilities — would  induce  many  of  the  factories  to  withdraw 
from  the  residential  portions  of  the  city,  and  that  the  improved 
land  would  become  the  industrial  center,  leaving  the  higher 
ground  west  for  residence.  The  appearance  and  sanitary  condi- 
tions of  the  city  will  be  greatly  improved  if  such  a  change  is 
effected,  and  there  can  be  no  reasonable  doubt  that  the  direct 
gain  in  taxable  property,  and  the  indirect  advantages  in  ridding 
the  city  of  mosquitoes,  improving  its  sanitary  condition,  making 
it  accessible  to  ocean  steamships  and  rendering  it  more  attract- 
ive in  many  respects  as  a  place  of  residence,  would  be  worth 
several  times  the  whole  cost  of  the  improvement. 

In  many  other  cases  it  would  not  be  necessar>'  or  desirable  to 
spend  on  the  first  improvement  over  $100  per  acre.  Less  than 
this  expenditure  will  drain  the  land  and  put  it  in  condition  for 
agriculture  or  grazing.  The  moment  this  is  done  its  value  will 
be  greatly  enhanced.  Drained  marsh-lands  sell  in  Nova  Scotia 
for  from  -$150  to  $2CX)  per  acre  for  agricultural  purposes  alone, 
and  in  some  cases  as  high  as  $400,  and  this  is  at  points  where 
the  neighboring  improved  upland  is  worth  only  $50  per  acre. 
The  diked  meadows  of  Salem  and  Cumberland  counties,  in  this 
State,  have  always  been  worth  several  times  as  much  as  the 
improved  upland.  As  much  as  55  bushels  of  wheat  per  acre  and 
heavy  crops  of  hay  are  raised  on  them.  A  moderate  amount  of 
drained  tide-marsh  attached  to  a  farm  in  that  vicinity  greatly 
enhances  the  value  of  the  farm. 

Now,  bearing  in  mind  that  much  of  the  outlying  lands  of  the 
Hackensack  marshes,  that  is,  the  lands  not  immediately  adjacent 
to  Newark,  Elizabeth  or  Jersey  City,  can  be  bought  for  from 
$25  to  $icx)  per  acre,  that  it  lies  within  twenty-five  minutes  of 
Broadway,  New  York,  and  still  nearer  Jersey  City  and  Newark, 
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that  consequently  it  must  have,  even  for  agricultural  purposes^ 
a  greater  value  than  Nova  Scotia  or  South  Jersey  marsh  land, 
and  that  in  addition  to  this  value  it  will  have  a  large  prospec- 
tive value  for  other  purposes  immediately  that  it  is  seen  to  be 
dry,  healthful  and  attractive,  it  seems  impossible  that  it  will  be 
worth  less  than  $400  or  $500  per  acre  after,  say,  about  $50  per 
acre  has  been  spent  in  dyking  and  draining  it.  Therefore,  if  a 
private  corporation  can  secure  a  sufficiently  large  area  to  begin 
operations,  and  can  drain  it  and  put  a  small  portion  under  culti- 
vation as  a  demonstration  of  the  capabilities  of  the  soil,  the  rest 
could  be  promptly  leased  for  enough  to  give  a  fair  return  on  the 
investment,  and  the  appreciation  in  the  value  of  the  land  in  the 
course  of  a  few  years  will  undoubtedly  make  the  venture  very 
profitable. 

If  Newark  will  carry  the  proposed  improvement  through  to 
a  successful  completion,  there  is  little  doubt  that  Elizabeth  and 
Jersey  City  will  find  a  way  to  follow  her  example.  This  will 
dispose  of  the  marshes  south  of  Snake  Hill.  Then  if  private 
co^-porations  will  take  up  the  improvement  of  the  remainder  on 
the  lines  suggested  above,  the  whole  marsh  will  be  wiped  out 
and  the  surrounding  communities  will  reap  a  very  great  advan- 
tage. This  is  one  way  in  which  the  improvement  may  possibly 
be  effected.  Another  way,  and  one  which  would  undoubtedly 
insure  a  more  comprehensive  and  advantageous  improvement  in 
the  end,  would  be  the  creation  of  a  drainage  commission  on  the 
lines  laid  down  in  the  report  for  1897.  This  plan  would  remove 
the  speculative  features  and  would  give  stability  to,  and  insure 
good  sanitary  and  commercial  results  from,  the  improvement. 
Nevertheless,  the  present  trend  appears  to  be  in  the  direction 
of  a  municipal  and  partly  a  private  undertaking,  the  extent  of 
each  enterprise  being  from  2,000  to  4,000  acres. 

We  have  made  some  inquiry  as  to  land  values  on  the  upland 
immediately  adjacent  to  the  meadows  in  Hudson  and  Bergen 
counties.  In  Jersev  Citv  and  West  Hoboken  a  few  blocks  back 
from  the  meadow  edge,  city  lots  25  by  100  feet  are  worth  from 
$500  to  1,200  each,  while  close  to  the  meadows  they  fall  to  from 
$100  to  $200.  There  is  practically  no  sale  for  lots  near  the 
meadows  for  residence  purposes.  At  Rutherford  lots  are 
quoted  at  about  the  same  rates,  $1,000,  a  few  blocks  back  and 
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$ioo  near  the  meadows.  At  Arlington  it  is  said  to  be  almost 
impossible  to  sell  lots  near  the  meadow  edge  while  there  is  a 
ready  sale  at  good  prices  up  on  the  ridge.  It  is  everywhere  ap- 
parent that  the  meadows  seriously  injure  the  immediately  adja- 
cent upland  property,  which  is  only  available  for  cheap,  undesir- 
able improvements.  Yet  even  if  we  take  the  low  prices  of  these 
depreciated  upland  lots,  say  $ioo  per  lot,  it  amounts  to  $1,200 
per  acre,  and  much  of  the  meadow  land,  especially  that  near  the 
railroad  lines  and  along  the  water-front,  would  be  worth  much 
more  than  this  when  drained. 

We  have  urged  the  improvement  of  these  marshes,  mainly  as 
a  sanitar\'  measure,  and  to  mitigate  the  mosquito  pest.  Recent 
research  identifies  the  mosquito  so  closely  with  the  spread  of 
malaria  that  its  suppression  must  be  regarded  not  merely  as  con- 
tributing to  the  comfort  of  the  neighboring  population,  but  as  a 
sanitar}'  measure  as  well.  The  sanitary  advantages  of  the  im- 
provement, and  the  increase  in  value  of  all  upland  real  estate 
east  of  Orange  mountain  are  of  themselves  quite  a  sufficient 
return  for  the  entire  cost  of  $2,500,000  necessary  to  put  these 
marshes  in  a  condition  suitable  for  agricultural,  horticultural  or 
grazing  purposes.  While  it  seems  clear  that  the  improvement 
would  yield  a  sufficient  return  from  the  enhanced  value  of  the 
marsh  land,  if  private  capital  is  not  willing  to  undertake  it  then 
it  should  be  accomplished  as  a  public  enterprise,  on  the  lines 
suggested  in  the  report  for  1897.  The  advantages  of  that  plan 
are  that  it  properly  recognizes  and  respects  the  rights  of  the 
owners  of  the  marsh  land  by  putting  a  reasonable  share  of  the 
burden  on  the  shoulders  of  the  surrounding  communities,  which 
will  reap  so  large  a  share  of  advantage,  and  it  provides  for  a 
single  and  comprehensive  control  with  a  minimum  of  interference 
with  existing  municipal  governments. 
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INTRODUCTION 

The  paleozoic  rocks  of  New  Jersey  fall  naturally  into  tlire3 
areas.  The  first  of  these  is  situated  in  the  region  of  Green  Pond 
and  Bearfort  mountains ;  the  second  is  the  Kittatinny  valle\*, 
l}'ing  between  the  pre-canibrian  highlands  on  the  southeast  and 
the  Kittatinny  mountain  on  the  northwest,  and  including  some 
isolated  areas  of  paleozoic  rocks  within  the  crystalline  area  ; 
the  third  area  is  the  Delaware  valley,  lying  between  the  crest  of 
the  Kittatinny  mountain  and  the  Delaware  river. 

The  third  area  consists  of  two  parallel  valleys  separated  by 
the  Walpack  ridge.  To  the  southeast  of  this  ridge,  between  it 
and  the  Kittatinny  mountain,  is  a  vallev  drained  in  its 
southern  portion  by  the  Flat  brook  and  in  its  northern  portion 
by  the  Clove  brook.  This  is  essentially  a  continuous  valley 
whose  central  portion  has  been  filled  with  glacial  drift,  and  it 
will  be  spoken  of  hereafter  as  the  Walpack  valley  throughout  its 
entire  length.  Along  the  northwestern  foot  of  the  Walpack 
ridge  flows  the  Delaware  river.  At  the  mouth  of  Flat  brook 
the  Delaware  makes  a  great  sigmoidal  bend  known  as  the  Wal- 
pack bend,  cutting  through  the  Walpack  ridge,  so  that  the 
more  southwesterly  extension  of  the  rid":e  is  in  the  State  of 
Pennsylvania.  At  the  north  the  Clove  brook  cuts  through  the 
ridge  near  the  State  line  and  empties  into  the  Neversink  river 
at  Tri-States,  New  York,  near  the  point  where  the  latter  stream 
joins  the  Delaware. 

The  unfossiliferous  Medina  sandstone  covers  the  whole  north- 
western slope  of  the  Kittatinny  mountain,  extending  approxi- 
mately to  the  middle  or  even  beyond  the  middle  of  the  Wal- 
pack valley,  so  that  the  fossiliferous  strata  of  the  region  are 
restricted  to  the  Walpack  ridge.  The  strata  of  this  ridge  dip, 
with  some  local  exceptions,  more  or  less  steeply  to  the  north- 
west, so  that  in  passing  from  the  Walpack  valley  to  the  Dela- 
ware river,  younger  and  younger  strata  arc  encountered.  The 
northwestern  sloi)e  of  the  ridge  usually  approximates  more  or 
less  closely  to  the  dip  of  the  strata,  so  that  the  complete  section 
is  usually  cxliibited  in  passing  from  the  Walpack  valley  to  the 
crest  of  the  ridge  or  a  little  beyond  the  crest.     It  is  the  succes- 
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sion  of  the  strata  in  this  section,  with  their  included  fossil  faunas, 
which  will  be  described  in  the  present  report. 

Rock  exposures  are  frequent  throughout  the  entire  length  of 
the  Walpack  ridge,  and  many  of  the  strata  are  highly  fossilifer- 
ous.  The  best  section  for  study,  however,  is  to  be  found  about 
two  miles  south  of  the  New  York  State  line,  on  the  farms  of  John 
Bigart  and  Sanford  Nearpass,  in  a  quarry  known  as  the  old  Wm. 
Nearpass  quarry  and  in  the  ridges  lying  beyond.  The  Nearpass 
section  will  be  used  as  a  basis  for  the  following  descriptions  of 
the  faunas,  because  the  actual  succession  can  be  worked  out  in 
greater  detail  at  this  point  than  anywhere  else  in  the  Walpack 
ridge,  although  in  some  cases  particular  beds  are  better  exposed 
elsewhere.  The  continuous  rock  exposure  in  the  Nearpass  quarry 
bluff  is  about  150  feet,  but  between  the  top  of  this  exposure  and 
the  main  crest  of  the  ridge  there  are  some  700  feet  of  strata 
which  are  not  continuously  exposed,  but  whose  hard  layers  make 
persistent  outcrops. 

The  formations  of  the  Walpack  ridge  belong  to  the  Silurian 
and  Devonian  systems,  and  thev  will  be  described  in  succession 
from  the  base  upward.  In  general,  the  formations  in  New  Jer- 
sey are  continuations,  either  of  those  in  New  York  or  of  those 
in  Pennsylvania,  and  have  been  given  names  by  the  members  of 
the  geological  surveys  of  these  two  States.  For  most  of  the 
Silurian  formations  the  names  used  by  the  Pennsylvania  geolo- 
gists are  best  adapted  to  the  New  Jersey  section,  while  for  the 
Devonian  formations  the  New  York  names  are  applicable.* 


Formations  of  the  Silurian  System. 

POXINO   ISLAND   SHALE. 

The  lowest  formation  exposed  in  the  Walpack  ridge  is  a  buff 
or  greenish  calcareous  shale,  irregularly  bedded,  in  layers  one 
inch  or  less  in  thickness.  In  the  bottom  of  the  Nearpass  sec- 
tion about  one  foot  of  this  rock  is  exposed  in  an  excavation, 
which  has  been  made  in  the  talus  slope  at  the  foot  of  the  bluff. 
South  of  Hainesville  is  another  exposure,  where  a  quantity  of 
the  material  has  been  excavated  for  road-making  purposes. 
There  are  also  other  exposures  south  of  Walpack  Center,  but 
nowhere  have  fossils  of  any  description  been  observed. 
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This  formation  was  first  described  by  I.  C.  White  in  his  report 
on  Pike  and  Monroe  counties,  Pennsylvania,*  but  he  did  not 
observe  any  outcrops  of  the  formation  in  New  Jersey.  These 
New  Jersey  exposures,  however,  have  been  traced  southward  by 
Dr.  Kiimmel  to  the  type  exposure  of  the  fonnation  in  Pennsyl- 
vania opposite  the  Poxino  island.  The  base  of  the  formation  has 
not  been  observed  in  New  Jersey,  but  in  Pennsylvania  it  is  de- 
scribed by  White  as  resting  upon  a  thin  limestone  formation 
which  in  turn  rests  upon  the  red  Medina  sandstone.  Only  a 
small  part  of  the  entire  thickness  of  the  fonnation  is  exposed 
anywhere  in  New  Jersey,  but  it  is  described  as  being  at  least  200 
feet  thick  in  Pennsylvania. 

BOSSARDVILLE   LIMESTONE. 

Lying  above  the  Poxino  Island  shales  is  a  fine-grained,  com- 
pact, bluish,  banded  limestone.  It  is  exposed  in  the  Nearpass 
section  in  the  excavation  already  mentioned,  where  its  entire 
thickness  is  12  feet  4  inches.  From  this  point  south  to  Peter's 
Valley  but  few  outcrops  are  to  be  seen,  but  between  Peter's  Val- 
ley and  Flatbrookville  there  are  many  excellent  exposures.  The 
thickness  of  the  formation  is  greatly  increased  to  the  south,  and 
although  no  exact  measurements  could  be  made,  it  is  at  least 
100  feet  thick  below  Walpack  Center.  This  formation  is  un- 
questionably a  northern  extension  of  the  limestone  designated 
as  the*  Bossardville  limestone  by  Wliitef  in  Pennsylvania.  It  is 
also  the  fonnation  which  was  called  the  '^  Ribbon  Limestone  " 
by  Prof.  Cook.t  and  which  was  erroneously  correlated  bv  him 
with  the  *^  Ribbon  Limestone ''  at  Rondout,  New  York,  which 
is  the  Manlius  or  '^  Tentaculite "  limestone  lying  above  the 
water-lime  formation.  This  correlation  of  the  Bossardville  lime- 
stone was  also  adopted  by  White  in  his  Pennsylvania  report. 

As  a  matter  of  fact,  the  age  of  the  Bossardville  limestone  is 
very  much  greater  than  that  of  the  Manlius  limestone  at  Rond- 
out, although  the  two  formations  are  somewhat  similar  in 
lithologic  characters.  The  Bossardville  limestone  itself  is  entirely 
l)arren  of  fossils,  Init  it   is  followed  by  a  series  of  beds  which 

•  ad  Geol.  Surv.  Penn.,  Rep   G6,  p.  145 
t  2d  Geol.  Surv.  Penn.,  Rep.  G6,  p.  141. 
♦Geol.  of  N.  J.,p    156(1868). 
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are  highly  fossiliferoiis,  containing  fossils  of  well-defined  Niaga- 
ran*  age.  By  reason  of  this  error  in  correlation,  this  formation, 
with  the  subjacent  Poxino  Island  shale,  has  in  former  reports 
usually  been  included  in  the  Helderbergian  series,  and  the  softer, 
upper  portion  of  the  Medina  sandstone  has  been  designated  in  the 
Pennsylvania  reports  as  the  Clinton  red  shale,t  with  apparently 
no  further  reason  than  the  belief  that  the  Clinton  beds  must  be 
represented  by  the  beds  immediately  beneath  the  supposed  Lower 
Helderberg. 

DECKER    FERRY   FORMATION. 

In  his  report  on  Pike  and  Monroe  counties,  Pennsylvania, 
White!  has  described  three  formations  succeeding  the  Bossard- 
ville  limestone,  which  he  designates  by  the  name  Decker  P'erry, 
from  the  ferr>'  of  this  name  below  Flatbrookville — the  Decker 
Ferry  shale,  the  Decker  Ferry  sandstone,  and  the  Decker 
Ferr}*  limestone.  The  first  two  of  these  formations  are  closely 
allied,  the  so-called  shale  being  an  alternation  of  thin  sandstone 
beds  with  thin  beds  which  are  more  calcareous,  rather  than  a 
true  shale.  These  two  formations  of  White  will  here  be  included 
in  a  single  division  and  will  be  called  the  Decker  Ferr>'  forma- 
tion. The  DecTcer  Ferr}'  limestone  of  White  is  quite  distinct, 
both  faunally  and  lithologically,  from  the  Decker  Ferr>' 
fonnation  here  recognized. 

At  Flatbrookville  and  north  to  Peter's  Valley,  this  entire 
fonnation  could  legitimately  be  called  a  sandstone,  but  with 
many  thin  calcareous  bands,  especially  in  the  lower  portion  ;  but 
north  of  Peter's  Valley  the  formation  rapidly  becomes  more  and 
more  calcareous  until  in  the  Nearpass  section  the  whole  forma- 
tion is  for  the  most  part  limestone,  with  some  thin  bands  of  more 
or  less  fissile  greenish  shale.  Only  about  two  feet  at  the  very- 
base  of  the  formation,  immediately  on  top  of  the  Bossardville 
limestone,  show  any  indication  of  being  arenaceous,  and  even 
this  is  an  earthy  limestone  with  a  small  percentage  of  siliceous 
matter,  rather  than  a  true  sandstone. 


*This  term  is  here  used  in  the  sense  adopted  by  Clark  and  Schuchert  in  Science,  N.  S.,  rol.  X,  No. 
359,  pp  874-878,  for  the  period  during  which  the  following  formations  were  being  deposited  in  western 
New  York,  the  Ciinton  beds,  the  Rochester  shale,  the  Lockport  limestone  and  the  Guelph  dolomite.  In 
New  Jersey,  howerer,  the  period  is  represented  by  a  different  set  of  formations. 

fad  Geol.  Surr.  Penn.,  Rep.  G6,  p.  147. 

{ad  Geol.  Sunr.  Penn.,  Rep.  G6,  pp.  137-141. 
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In  New  Jersey  the  Decker  Ferry  fonnation  is  usually  fossil- 
iferous,  sometimes  highly  so,  but  in  many  instances  the  fossils 
are  poorly  preserv^ed.  At  Flatbrookville,  at  the  very  base  of  the 
fonnation,  there  are  a  few  inches  of  thin  alternating  beds  of 
fine-grained  limestone  resembling  the  Bossardville  in  its  litho- 
logic  characters,  and  of  coarser,  more  crystalline  limestone  like 
that  above.  These  beds  are  individuallv  but  a  fraction  of  an 
inch  in  thickness,  but  there  is  a  conspicuous  alternation  of  faunas 
represented  in  them.  The  fine  grained  layers  are  often  crowded 
with  a  rather  large,  smooth  Lcperditia  and  contain  nothing  else, 
while  the  more  crystalline  layers  contain  the  same  fossils  that 
occur  in  the  overlying  beds. 

In  the  Nearpass  section  three  somewhat  distinct  life  zones 
may  be  recognized  in  this  formation,  although  some  species 
range  through  its  entire  thickness.  These  zones  can  also  be 
traced  to  the  south,  though  as  yet  only  the  lowest  one  has  been 
definitely  recognized  throughout  the  entire  length  of  the  Wal- 
pack  ridge  in  New  Jersey.  These  three  zones  will  be  named 
from  their  more  conspicuous  species,  the  Chonetes  jerseyensis 
zone,  the  Ptilodictya  platyphylla  zone  and  the  Rhynchonella 
lamcUata  zone.  '^ 

Chonetes  jerseyensis^  zone.  In  the  Nearpass'  section  several 
distinct  beds  contain  the  species  of  this  zone,  and  they  will  be 
descrited  in  order  from  the  base  up. 

I.  Highly  fossiliferous,  earthy,  somewhat  arenaceous  lime- 
stone resting  upon  the  Bossardville  limestone,  2  feet  in  thick- 
ness.    The  following  species  of  fossils  have  been  identified  : 

1.  Zaphrentis  sp.  undet. 

2.  Monotrypa  cf.  M,  undulata  Nich. 

3.  Pholidops  sp. 

4.  Stropheodonta  bipartita  (Hall). 

5.  Orthothetes  n.  sp. 

6.  Dalmanella  ele^^antula  (Dal.). 


*  Although  this  species  cannot  be  illustrated  in  this  place  it  has  been  thought  best  to  apply  a  name  to 
it,  because  it  is  so  peculiar  and  so  characteristic  of  this  faunal  zone.  The  species  will  be  illustrated  in 
next  year's  report. 

Chonetes  jerseyensis,  n.  sp.  Shell  large,  often  attaining  a  width  of  more  than  30  mm.  Sotface 
marked  by  coarse,  sharply  angular  plications  which  increase  in  numbers  towards  the  margin  of  the  shell. 
On  the  brachial  valve  the  plications  become  coarser  toward  tbe  hloge-line  and  a.e  peculiarly  curved,  the 
convex  side  of  the  curve  being  toward  the  hinge-line.  The  margin  of  the  cardinal  area  of  the  pedicle 
valve  bears  four  or  five  or  more  oblique  spines  on  each  side  of  the  beak. 
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7.  Chonetes  jersey  ens  is  Weller,  n.  sp. 

8.  Camarotoechia  neglecta  (Hall). 

9.  Rhynchonella  sp.  iindet. 

10.  Atrypa  reticularis  (Linn.). 

11.  Reticitlaria  bicostata  (Van.). 

12.  Pteriuea  sp.  undet. 

13.  Mytilarca  mytiliformis  (Hall). 

14.  Pelecypods  (several  undet.  sp.). 

15.  Straparolhis  sp.  undet. 

16.  Loxonema  ?  sp.  undet. 

17.  Orthoceras  si^.  undet. 

18.  Ostracodes  (several  undet.  sp.). 

19.  Dalmanites  n.  sp.  ? 

20.  Phacops  trisulcatus  Hall. 

n.  Hard  blue  crystalline  limestone  with  many  fossils,  but 
which  are  not  so  well  preserved  as  those  in  the  subjacent  bed. 
14  feet  2  inches. 

1.  Favosites  sp.  undet. 

2.  Monotrypa  cf.  M,  iindiilata  Nich. 

3.  Stropheodouta  bipartita  (Hall). 

4.  Orthothetes  n.  sp. 

5.  Dalmanella  e  leg  an  tula  (Dal.). 

6.  Chonetes  jersey  ens  is  Weller,  n.  sp. 

7.  Cainarotoechia  neglecta  (Hall). 

8.  Rhynchonella  sp.  undet. 

9.  Atrypa  reticularis  (Linn.). 

10.  Reticularia  bicostata  (Van.). 

11.  Cyrtina  sp.  undet. 

12.  Lichenalia  ?    sp.  undet. 

13.  Ptilodictya  sp.  undet. 

14.  Platyostoma  sp.  undet. 

HI.  Fissile  shale  with  limestone  bands.  No  fossils  collected. 
6  feet  9  inches. 

IV.  Hard  blue  cr}'stalline  limestone  with  lithologic  charac- 
ters similar  to  No.  II.     Fossils  poorly  preserx^d.     8  inches. 

V.  Shale  band.     No  fossils.     2  inches. 

VI.  Hard  blue  crystalline  limestone  similar  to  Nos.  II j and 
III.     2  inches. 
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1.  Sh'opheodonta  hipartita  (Hall). 

2.  Chonetes  jerseyensis  Weller,  n.  sp. 

3.  Camarotcechia  ncglecia  (Hall). 

4.  Ostracodes  sp.  undet. 

Vn.  Shale  band,  no  fossils.     2  inches. 

These  seven  beds  in  the  Nearpass  quarry  section  contain  the 
fauna  of  Chonetes  jerseyensis.  On  the  next  farm  south  of  that 
upon  which  the  old  Nearpass  quarr>^  is  located,  these  lower 
Decker  Ferry  beds  are  exposed  and  the  following  species  have 
been  identified  from  a  bed  which  is  probably  a  continuation  of 
the  lowest  bed  described  above,  although  it  was  not  observed 
resting  directly  upon  the  Bossardville  limestone : 

1.  Favosites  sp.  undet. 

2.  Monotrypa  cf.  M,  undiilata  Nich. 

3.  Stropheodofita  hipartita  (Hall). 

4.  Orthothetes  n.  sp. 

5.  Dah7ianella  elega?ttula  (Dal.). 

6.  Chonetes  jerseyensis  Weller  n.  sp. 

7.  Camarotoechia  neglecta  (Hall). 

8.  Rhynchonella  sp.  undet. 

9.  Atrypa  reticularis  (Linn.). 

10.  Reticiilaria  bicostata  (Van.). 

11.  Leptodesmaf  subplana  {^2\\\ 

12.  Byssonychiaf  sp. 

13.  Pelecypod  (undet.  sp.). 

14.  Platyostoma  sp. 

15.  Dalmanites  sp.  undet.. 

16.  Phacops  ?  sp.  undet. 

A  short  distance  south  of  Hainesville,  in  an  outcrop  of  sand- 
stone near  the  base  of  the  Decker  Ferry  formation,  the  Chonetes 
jerseyensis  fauna  is  represented  by  the  following  species : 

1.  Monotrypa  cf  M.  tindulata  (Nich.). 

2.  Stropheodonta  hipartita  (Hall). 

3.  Orthothetes  n.  sp. 

4.  Chonetes  jerseyensis  Weller,  n.  sp. 

5.  Camarotoechia  neglecta  (Hall). 

6.  Atrypa  reticularis  (Linn.). 
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7.  Reticiilaria  bicostata  (Van.). 

8.  Dalnianites  sp.  iindet. 

Below  Flatbrookville  the  lower  beds  of  the  Decker  Ferry 
formation  are  finely  exposed,  and  may  be  seen  resting  directly 
upon  the  Bossardville  limestone.  At  this  locality  the  beds  con- 
tain a  large  amount  of  arenaceous  material,  but  in  the  more  or 
less  calcareous  beds  intercalated  in  the  sandstone,  fossils  are 
abundant,  one  of  the  commonest  species  being  Chonetes  jersey- 
ensis.     The  following  species  have  been  collected  at  this  point : 

1.  Favosites  sp.  undet. 

2.  Mofiotrypa  cf.  M,  Undulata  Nich. 

3.  Stropheodonta  bipartita  (Hall). 

4.  Orthothetes  n.  sp. 

5.  Dalmanella  elegantula  (Dal.). 

6.  Chonetes  jerseyensis  Weller,  n.  sp. 

7.  Camarotoechia  Jieglecta  (Hall). 

8.  Rhynchonella  sp.  undet. 

9.  Atrypa  retiailaris  (Linn.). 

10.  Reticularia  bicostata  (Van.). 

11.  IVhitJieldella  f  si^,  \xnA^\.. 

12.  Ostracodes  (sp.  undet.). 

As  will  be  seen  from  an  examination  of  the  foregoing  lists  of 
:species,  the  Chonetes  jerseyensis  fauna  is  not  a  large  one,  but  it 
remains  constant  in  its  characters  throughout  its  entire  distribu- 
tion in  New  Jersey.  Aside  from  the  typical  species  of  the  fauna 
from  which  it  has  been  named,  the  species  oi  .Monotrypa  which 
has  been  compared  with  Af,  undulata  Nich.,  is  an  abundant  and 
characteristic  species.  It  is  a  coral  with  fine  coralities  growing 
in  subhemispherical  or  depressed  convex  colonies,  and  in  its  gen- 
eral external  characters  resembles  some  of  the  corals  of  similar 
form  from  the  Trenton  limestone  illustrated  by  Hall  in  his  first 
volume  of  New  York  Paleontology  under  the  name  Chcetetes 
lycoperdon.  The  cosmopolitan  species  Atrypa  reticularis  is 
another  characteristic  fonn.  The  species  is  always  present  and 
is  often  exceedingly  abundant,  and  is  a  gibbous,  coarsely  ribbed 
variety.  The  small  rhvnchoneltoid  shell  which  has  been  identi- 
fied  as  Camarotoechia  neglecta  is  one  of  the  most  common  species 
•of  the  fauna,  often  being  represented  by  hundreds  of  individuals 
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crowded  together.  Some  of  the  other  species  are  abundant,  but 
these  constitute  the  most  characteristic  and  the  most  noticeable 
members  of  the  fauna. 

Ptilodictya  platyphylla  2071V.  In  the  Nearpass  section,  lying 
above  the  strata  containing  the  Chonetcs  jcrseyensis  fauna,  is  a 
conspicuous  band  of  red  limestone,  2  feet  6  inches  in  thickness. 
The  bed  contains  a  quite  different  assemblage  of  fossils  from 
those  below,  the  most  abundant  species  being  a  bryozoan  whose 
leaf-like  colonies  occur  in  vast  numbers.  In  breaking  the  rock 
this  bryozoan  invariably  splits  along  its  median  plane,  so  that 
the  outer  cell-bearing  surface  has  not  been  observed.  The  speci- 
mens have  been  compared  with  the  types  of  the  species  described 
by  U.  P.  James*  from  the  Clinton  beds  of  Ohio  as  Ptilodictya 
platyphylla^  and  the  two  seem  to  be  identical.  The  fonn 
described  by  Foerstef  as  Ptilodictya  lanccolata  var.  americana^ 
is  probably  identical  with  James'  species  and  with  the  New 
Jersey  specimens. 

The  following  species  have  teen  identified  from  this  red  lime- 
stone bed  in  the  Nearpass  quarr>' : 

1.  Favositcs  sp  undet. 

2.  Monotrypa  f  sp.  undet. 

3.  Vermipora  ?  sp.  undet. 

4.  Cladopora  sp.  undet. 

5.  Stropheodonta  bipartita  (Hall). 

6.  Orthothetcs  n.  sp. 

7.  Liptc/'na  rhomboidalis  (Wilck.). 

8.  Orthis  Jlabcllitcs  Foerste. 

9.  Dalmanella  elegantula  (Dal.). 

10.  Rhipidomclla  hybrida  (Sow.). 

11.  Chonetcs  jcrseyensis  ^(tW^x^  n.  sp. 
12    Pentamenis  oralis  Hall  ? 

13.  Camarotoechia  neglect  a  (Hall). 

14.  Rhynchonella  sp.  undet. 

15.  A  try  pa  reticularis  (Linn.). 

1 6.  Spirifer  crispus  ( H  is. ). 

17.  Ptilodictya  platyphylla  ]:is, 

•  The  Paleontologist,  No.  3,  p,  21  (Jan    1879). 

t  Geol.  Surv.  Ohio,  Vol.  Vll,  p.  598,  pi.  36.  figs.  3  «-b. 
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18.  Lichen  alia  f  sp.  iindet. 

19.  Pelecypod  (gen.  and  sp.  iindet.). 

20.  Calymenc  sp.  iindet. 

Although  several  of  the  speciesiin  the  above  list  are  also  in- 
cluded in  the  preceding  fauna,  the  assemblage  as  a  whole  has 
quite  a  different  aspect.  Among  the  species  common  to  the  two 
faunas,  Chant  tcs  jcrscycnsis^  the  type  species  of  the  preceding 
fauna  will  be  noticed.  In  the  red  limestone,  however,  but  a 
single,  small,  imperfect  specimen  of  the  species  has  been  ob- 
SL^rved,  so  that  it  is  not  one  of  the  conspicuous  members  of  the 
fauna  as  it  had  been  previously. 

Aside  from  the  multitude  of  specimens  of  I^ilodictya^  the  fol- 
lowing important  species  make  their  first  appearance  :  Orthis 
Jiahcllitcs^  RhipidomcUa  hybrida^  Pentamcrus  oralis  ?  and 
Spirifer  crispus.  The  specimens  which  have  been  identified 
provisionally  as  P.  oralis  do  not  agree  well  with  HalPs  original 
illustrations  of  this  species,  but  resemble  rather  closely  some 
specimens  of  Gypidula  galcatus^  but  lack  entirely  the  plications 
of  that  species. 

Of  the  whole  scries  of  beds  recognized  in  the  Nearpass  section 
this  red  limestone  is  one  of  the  most  persistent  in  passing  to  the 
south.  On  the  fann  of  G.  N.  Cole,  near  the  Brick  House,  a 
ledge  of  this  limestone  is  finely  exposed  and  its  decomposition 
has  given  the  soil  overlying  it  a  deep  red  color.  Again,  at  a 
point  north  of  Hainesville  the  same  bed  with  its  Ptilodictya 
fauna  was  observ^ed,  and  at  one  localitv  between  Peter's  Vallev 
and  Walpack  Center,  where  the  Decker  Ferry  formation  has 
become  almost  entirely  arenaceous,  this  red  bed  was  observed 
with  sandstone  both  alx)ve  and  below.  This  last  occurrence 
shows  better  than  any  other  the  continuity  of  the  highly  arena- 
ceous fonnation  at  the  south  with  the  almost  entirelv  calcareous 
formation  in  the  Nearpass  section.  In  the  extreme  southern  end 
of  the  ridge  neither  the  red  limestone  nor  the  Ptilodictya  fauna 
have  been  observed,  but  suflScientlv  careful  search  has  not  vet 
been  made  south  of  Walpack  Center. 

^Rhynchonella  layncllata  zone.  Succeeding  the  red  limestone 
in  the  Nearpass  section  there  is  a  series  of  limestone  beds  with 
some  shale,  with  a  thickness  of  21  feet  4  inches,  which  is  char- 
acterized by  an  assemblage  of  organisms  differing  in  most  of  its 
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species  from  either  of  the  two  preceding  faunas.  One  of  the 
most  typical  species  has  been  described  by  Hall  as  Atrypa 
lamellata^  but  is  referred  to  the  genus  Rhynchonella  by  Schu- 
chert.  For  the  most  part  the  species  in  the  lower  beds  of  this 
zone  continue  to  the  summit,  but  in  the  upper  six  feet  of  strata 
a  conspicuous  and  important  coral  element  is  added  to  the 
fauna  which  is  not  present  below,  and  this  iipper  coral-bearing 
horizon  should  perhaps  be  considered  as  a  distinct  subzone.  In 
the  lower  part  of  this  zone  the  following  species  have  been 
identified  from  the  Nearpass  quarry^ : 

1.  Cladopora  sp.  undet. 

2.  Stropheodonta  bipartita  (Hall). 

3.  Orthothetes  interstriatus  (Hall)  ? 

4.  Orthothetes  sp.  undet. 

5.  Leptcena  rhomboidalis  (Wilck.). 

6.  Dalmanella  elegantula  (Dal.). 

7.  Rhynchonella  lamellata  (Hall). 

8.  Rhynchonella  sp.  undet. 

9.  Spirifer  sp.  undet. 

10.  Whitfieldellaf  sp. 

11.  PhcBnoporaf  sp.  undet. 

12.  Mytilarca  mytiliformis  (Hall). 

13.  Pterin ea  sp.  undet. 

14.  Pelecypod  (gen.  and  sp.  undet.). 

15.  Proetiis  pachydermatiis  Barrett. 

In  the  bluff  one  and  a  half  miles  below  Peter's  Valley  the 
Decker  Ferr>^  formation  is  exposed  through  a  thickness  of  more 
than  eighty  feet,  although  the  base  of  the  formation  is  covered. 
The  major  portion  of  the  beds  at  this  point  are  sandstone,  but 
interstratified  with  the  sandstone  there  are  occasionally  thin 
bands  of  limestone  in  which  the  fossils  occur  in  a  sufficiently 
perfect  state  of  preservation  to  be  identified,  and  the  Rhyncho- 
nella lamellata  fauna  has  been  recognized  here.  From  a  thin 
limestone  bed  fifty  feet  above  the  base  of  the  exposure  the  fol- 
lowing species  have  been  identified  : 

1.  Stropheodofita  bipartita  (Hall). 

2.  Camarotocchia  neglecta  (Hall). 

3.  Rhynchonella  lamellata  (Hall). 
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4.  Whitfieldella  nticleolata  (Hall). 

5.  Phcenopora  sp.  iindet. 

From  another  thin  limestone  band  seventv-five  feet  from  the 
base  the  following  species  were  collected  : 

1.  Diphyphylliim  integumentum  Barrett? 

2.  Zaphrentis  sp.  undet. 

3.  Orthoihetes  interstriatus  (Hall). 

4.  Whitfieldella  nucleolata  (Hall). 

5.  Ostracodes  (gen.  and  sp.  undet.). 

The  bed  containing  the  iipperinost  of  these  two  small  faunas 
may,  perhaps,  more  nearly  correspond  with  the  coral  bed  at  the 
summit  of  the  Rhynchoiiclla  lamellata  zone  in  the  Nearpass 
section,  but  the  lower  one  is  probably  equivalent  to  the  lower 
portion  of  the  zone. 

The  earlier  stage  of  the  Rhynchonella  lamellata  fauna,  as  rep-^ 
resented  in  the  Nearpass  section,  is  particularly  characterized  by 
the  species  which  has  been  identified  in  all  these  faunas  as  Stro- 
pheodonta  bipartita.  Some  beds  are  composed  almost  exclu- 
sively  of  the  shells  of  this  brachiopod,  all  the  other  species  being 
sparsely  represented.  It  is  the  shell  for  which  Dr.  Barrett  has 
proposed  the  name  Stropheodonta  nearpasst\^  but  an  examination 
of  a  large  series  of  specimens,  showing  both  the  internal  and 
external  characters,  seems  to  indicate  that  the  species  is  no  other 
than  HalPs  .5.  bipartita.  The  specimens  frequently  exhibit  the 
crenulations  of  the  hinge  margin  which  shows  it  to  be  a  mem- 
ber of  the  genus  Stropheodonta  rather  than  Strophomena^  where 
it  has  usually  been  placed.  Some  of  the  beds  in  this  portion  of 
the  zone  are  highly  charged  with  crinoidal  remains,  to  such  an 
extent,  even,  that  it  might  sometimes  be  called  a  crinoidal  lime- 
stone. These  crinoidal  remains,  however,  are  for  the  most  part 
broken  fragments  of  the  stems,  and  no  determinable  remains  have 
been  observed. 

In  the  upper  six  feet  of  the  Rhynchonella  lamellata  zone  in 
the  Nearpass  section,  a  large  number  of  species  are  added  to  those 
which  were  present  in  the  lower  beds,  the  most  conspicuous  ad- 
ditions being  among  the  corals.  The  coral-bearing  bed  is  sepa- 
rated from  the  lower  fossil-bearing  beds  by  aboiit  seven  feet  of 

•Am.  Jour.  Sci.,  (3)  Vol.  XV.  p.  372.    (1878.) 
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barren  shales,  and  the  two  horizons  should  perhaps  be  considered 
as  entirely  distinct.  It  has  been  thought  best,  however,  to  include 
the  entire  series  in  one  life  zone,  as  the  species  in  the  lower  beds 
are  practically  identical,  so  far  as  they  go,  with  those  of  the  coral 
bed.  From  the  coral  bed  proper  in  the  Nearpass  quarr\',  the 
following  species  have  been  identified  : 

1.  Cyathophylliim  incqualis  (Hall). 

2.  Haly sites  catcnulatus  (Linn.). 

3.  Favositcs  niagarcfisis  Hall. 

4.  Favositcs  pyriformis  (Hall). 

5.  Cladopora  seriata  Hall. 

6.  Zaphrcntis  sp.  undet. 

7.  Diphyphylliim  intcg2imcntiim  Barrett. 

8.  Motiotrypa  ?  sp.  undet. 

9.  Stromatopoi'a  concentrica  Goldf. 

10.  Pholidops  oralis  Hall. 

11.  StropJicodonta  bipartita  (Hall). 

12.  Orthothetes  interstriatiis  (Hall). 

13.  Leptcrna  rfumihoidalis  (Wilck.). 

14.  Pholidostrophia  .^  sp.  undet. 

15.  Ca?uarotocchia  neglect  a  (Hall). 

16.  Rhynchovella  pisa  H.  &  W. 

17.  Rhynchoiiella  lamella ta  (Hall). 

18.  Rhyncho)iella  sp.  undet. 

19.  I/omeospira  sohrina  (H.  &  C.)? 

20.  IVhitfieldella  nucleolata  (Hall). 

21.  Spirorbis  sp.  undet. 

22.  Pterinea  cf  P.  brisa  Hall. 

23.  Gasteropod  (gen.  and  sp.  undet.). 

24.  Calymene  came  rat  a  Hall. 

25.  Pnctiis  pacliydermatNs  Barrett. 

26.  Ostracodes  (several  species  undet.). 

The  bed  containing  these  corals  and  other  fossils  is  a  more  or 
less  earth}'  or  slialy,  irregularly  bedded  limestone.  The  coral 
masses  occur  in  great  numbers,  and  the  disintegration  of  the  rock 
leaves  the  luirclcr  coral  colonies  of  several  species  abimdantly 
strewn  over  the  surface  of  the  exposure.  The  bed  has  not  been 
recognized  continuoush-  tliroughout  the  entire  length  of  the 
Walpack  ridge  in  New  Jersey,  the  southernmost  exposure  where 
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the  corals  occur  abundantly  being  a  short  distance  sonth  of  Haines- 
ville.  The  iippeniiost  of  the  two  limestone  bands  alread)-  men- 
tioned in  the  bluff  below  Peter's  Valley  may  belong  to  this 
horizon,  although  the  fauna  represented  is  small.  Of  the  five 
species  recognized,  two  are  corals  and  the  DiphyphyUiim  tntcgti- 
mcntum  has  not  elsewhere  been  recognized  outside  of  the  coral 
bed. 

Correlation  of  the  faunas  of  the  Decker  Ferry  formation. 
From  the  three  faunal  zones  recognized  in  the  Decker  Ferrj- 
formation,  thirty-one  species  offossils  have  been  identified  specifi- 
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cally  with  more  or  less  certainty.     In  the  accompanying  tabic  an 
attempt  has  been  made  to  tabulate  the  geologic  and  geographic  dis- 
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tribution  of  these  species.  The  species  are  for  the  most  part  more 
or  less  well-known  Niagaran  forms,  the  larger  number  of  them 
being  present  elsewhere  in  beds  of  post-Clinton  age.  A  single 
species,  Penta7ncrus  ovalis^  and  that  one  very  doubtfully  identi- 
fied, occurs  elsewhere  only  in  the  Clinton  beds  of  New  York. 
Three  species,  Ptilodictya  platyphylla^  Mytilarca  mytiliformis^ 
and  Phacops  trisulcatus  have  been  elsewhere  recorded,  either  from 
the  Clinton  beds  of  Ohio  and  Indiana,  or  from  both  the  Clinton 
of  New  York  and  Ohio-Indiana.  Even  these  three  species  may 
be  considered  as  somewhat  doubtful.  No  microscopic  examina- 
tion has  been  made  for  the  piirpose  of  comparing  the  specimens 
of  Ptilodictya  from  New  Jersey  and  Ohio,  and  the  cell-bearing 
surface  has  not  been  observed  in  the  New  Jersey  specimens,  the 
identification  being  made  solely  upon  the  general  form  of  the 
colony — characters  which  are  not  sufficiently  marked  for  the  satis- 
factory determination  of  bryozoa.  The  Mytilarca  mytiliformis 
may  be  indentical  with  that  species  of  Mytilarca  originally 
described  as  Avihonychia  acu tiros tra  from  the  Niagara  linestone 
of  Wisconsin.  Phacops  trisulcatus  is  an  insufficiently  known 
trilobite,  and  the  New  Jersey  specimens  so  identified  are  simply 
detached  pygidia,  which  may  easily  belong  to  some  other 
species.  Aside  from  the  four  species  mentioned,  there  are 
several  others  which  occur  in  Clinton  beds  elsewhere,  but  all  of 
them  are  also  present  in  post-Clinton  faunas. 

Twenty  of  the  species  recorded  have  never  been  noted  in  any 
Clinton  fauna,  and  all  but  three  of  these  are  more  or  less  well 
known  in  various  post-Clinton  fainias.  The  three  exceptions 
are,  two  species,  Chouetcs  jersey C7isis  and  Prcetus pachydermatuSy 
which  have  been  described  from  these  beds  in  New  Jersey,  and 
the  species  of  Monotrypa^  which  has  been  compared  with  an 
Ordovician  species,  M.  undulata^  and  which  will  also  probably 
prove  to  be  an  undescribed  species.  All  the  species  which  have 
been  identified  with  absolute  certainty  are  members  of  post-Clin- 
ton faunas.  The  evidence  afforded  by  the  fossils,  therefore, 
indicates  that  the  age  of  the  Decker  Ferry  formation  is  the  same 
as  the  Rochester  shale  and  Lockport  limestone  of  Clarke  and 
Schuchert,*  or  as  the  Niagara  formation  of  most  authors. 

•  Science,  N.  S.,  Vol.  lo.  No,  259,  pp.  874-878.     (Dec,  1899.) 


THE  STATE  GEOLOGIST.  19 

In  the  uppennost  faunal  zone  recognized  in  the  Decker  Ferry 
fonnation,  there  is  an  assemblage  of  species  which  indicates  the 
equivalence  of  this  portion  of  the  formation  and  the  Coralline 
limestone  of  Schoharie,  New  York.  Especially  is  this  true  of 
the  upper  six  feet  or  the  coral-bearing  horizon  of  the  formation. 
The  species  which  especially  ally  this  zone  with  the  Coralline 
limestone  are  Cyathophylhim  inequalis^  Stropheodonta  bipartita^ 
Orthothetes  intcrstrialis^  Rhynchonella  lamcllata^  Whitfieldella 
nucleolata  and  Calymene  camerata.  There  are,  however,  in  the 
Coralline  limestone  at  its  typical  locality,  Schoharie,  New  York, 
many  large  gasteropods  and  some  cephalopods  which  are  con- 
spicuously absent  in  New  Jersey. 

In  his  description  of  the  Coralline  limestone,  Hall*  expresses 
the  opinion  that  the  formation  represents  the  entire  Niagaran 
series  of  other  localities,  but  its  occurence  in  New  Jersey  would 
indicate  that  it  represents  only  the  last  stage  of  that  epoch. 

In  the  official  reports  on  the  Walpack  ridge  in  New  Jersey, 
published  by  the  geological  surveys  of  both  New  Jersey  and 
Pennsylvania,  no  strata  of  either  Clinton  or  Niagara  age  have 
been  recognized.  They  have  been  recognized,  however,  in  the 
Nearpass  section  by  Dr.  S.  T.  Barrett, t  a  local  geologist  of  Port 
Jervis,  New  York,  and  to  him  credit  is  due  for  the  first 
announcement  of  the  presence  of  strata  in  the  New  Jersey 
section  referable  to  the  Coralline  limestone  of  eastern  New 
York.  Although  the  presence  of  the  Coralline  limestone  faima 
was  recognized  by  Dr.  Barrett,  he  did  not  in  either  of  his  papers 
strictly  define  the  limits  of  the  zone  bearing  it,  leaving  the 
reader  of  his  papers  to  infer  that  it  included  a  large  portion  or 
all  of  the  beds  here  referred  to  the  Decker  Ferry  formation. 
Strictly  speaking,  only  the  six-foot  coral  bed  can  be  referred 
with  certainty  to  the  Coralline  limestone.  This  coral  bed  was 
fully  recognized  by  Prof.  Cook, J  but  because  of  his  erroneous 
correlation  of  the  **  ribbon  limestone ''  of  New  Jersey  with  the 
Manlius  or  **  Tentaculite  '^  limestone  of  New  York,  he  failed  to 
recognize  the  identity  of  this  coral  bed  with  the  Coralline 
limestone. 


•  Pal.  N.  Y.,  Vol.  n.  p.  321. 

t  Ann.  N.  Y.  Acad.  Sci.,  Vol.  i,  pp.  121-124  (1878).    Am.  Jour.  Sci.  (3),  Vol.  15,  pp.  370-372  (1878). 

X  Geol.  of  N.  J.,  p.  159  (i868). 
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Correlation  of  the  Bossardville  limestone  and  the  Poxino  Island 
shale.  With  the  correlation  of  the  fossil  iferoiis  Decker  Ferr\' 
fonnation  and  the  Rochester  shale  and  Lockport  limestone  of 
Clarke  and  Schuchert,  or  the  Niagara  fonnation  of  most  authors, 
and  with  the  probable  continuity  of  the  red  sandstone  of  the 
Kittatinny  mountain  with  the  Medina  sandstone  of  New  York, 
the  Bossardville  limestone  and  the  Poxino  Island  shale  are  left 
as  the  representatives  of  the  intermediate  Clinton  beds  of  the 
New  York  section,  and  although  these  two  formations  have  as 
yet  yielded  no  fossil  remains,  they  will  for  the  present  be  so 
correlated. 

RONDOUT   WATER-LIME   FORMATION. 

In  the  Nearpass  section  the  coral  bed  at  the  summit  of  the 
Decker  Ferry  formation  is  followed  by  56  feet  of  strata  which 
may  be  referred  to  the  Water-lime  formation.  These  strata  are 
very  diverse  in  character,  consisting  of  many  alternating  beds  of 
shales  and  limestones  of  varying  characters.  The  following  sec- 
tion is  an  attempt  to  siibdivide  this  series  of  strata,  but  in  many 
instances  the  subdivisions  might  be  made  still  smaller. 

1.  Hard  blue  limestone  with  bands  of  shale, 4  ft 

2.  Earthy  shales,  with  bands  of  limestone, 3  ft.  9  in. 

3.  Fine-grained  dark  limestone,      6  ft  4  in. 

4.  Thick  bedded  calcareous  shale, i  ft.  6  in. 

5 .  I  lard  blue  limestone  filled  with  Ostracodes  and  Stromatopora,  2  ft.  3  in. 

6.  Fissile  buff  or  greenish  shale,  5  ft.  3  in. 

7.  Dense,  fine-grained,  compact  limestone,  bluish  on  freshly 

fractured  surfaces,  but  buff  or  yellowish  upon  the  weath- 
ered surface, 5  ft 

8.  Fissile  gray  shales,  sometimes  much  crumpled  by  pressure,  15  ft. 

9.  Bluish  black  limestone 13  ft. 

56  ft    I  in. 

The  most  conspicuous  member  of  this  series  of  strata  is  bed 
No.  7.  This  is  the  ''  Peth  Stone  ''*  of  Prof  Cook's  report,  and  is 
the  southern  extension  of  the  cement  rock  which  is  so  exten- 
sively quarried  at  Rosendale  and  Rondout,  New  York.  This 
bjd  in  New  Jersey  possesses  the  same  lithologic  characters  as  the 
CLMUcnt  beds  at  Rondout,  and  has  the  same  stratigraphic  position. 
During  a  visit  to  Rondout  in  company  with   Prof  J.  C.  Smock 

•Geol.  N.  J.,p.  159(1868). 
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and  Dr.  H.  B.  Kummel,  the  Coralline  limestone,  with  some  of 
the  same  corals  as  are  found  in  New  Jersey,  was  observ^ed  under- 
lying the  cement  rock,  while  above  it  was  the  Manlius  or 
''  Tentaculite ''  limestone  containing  the  same  Spirifer  vaiinxcmi 
fauna  that  is  present  in  .the  same  formation  overlying  the  Water- 
lime  formation  in  the  Nearpass  section.  The  chief  and  only 
difference  between  the  Water-lime  fonnation  at  Rondout  and  in 
the  Nearpass  section,  is  the  much  greater  development  of  the 
cement  bed  in  the  fonner  locality  at  the  expense  of  the  accessory- 
beds  of  shales  and  limestones  which  are  so  well  exhibited  in  the 
Nearpass  section. 

In  passing  southward  from  the  Nearpass  quarr>',  the  Water- 
lime  fonnation  diminishes  in  thickness  until  at  the  Walpack 
bend  of  the  Delaware  river,  on  the  Pennsylvania  side  near 
Decker's  Ferr>',  only  the  **  peth  stone ''  with  an  underlying  bed 
of  fine-grained  blue  limestone  is  present,  both  together  being 
not  more  than  20  or  25  feet  in  thickness.  This  blue  limestone 
underlying  the  **  peth  stone ''  is  White's*  Decker  Ferry  lime- 
stone already  mentioned  on  a  previous  page. 

The  fauna  of  the  Water-lime  formation  is  a  peculiar  one,  being 
constituted  almost  exclusively  of  ostracodes.  The  successive 
beds  in  the  Nearpass  section  were  examined  closely  for  these 
small  organisms,  and  each  separate  bed  was  found  to  contain  its 
own  peculiar  forms,  many  of  which  probably  belong  to  un- 
described  species.  Associated  with  the  ostracodes  in  some  of 
the  beds  there  are  immense  numbers  of  stromatoporoids.  In 
the  lowermost  bed  of  the  whole  formation,  in  a  thin  limestone 
band,  two  specimens  of  pelecypods  were  found  associated  with 
the  ostracodes. 

The  real  significance  of  these  ostracode  faunas  is  not  entirely 
clear,  but  they  must  certainly  indicate  some  important  physical 
change.  In  the  Decker  Ferry  fonnation  we  find  a  prolific  fauna 
of  such  organisms  as  usually  occur  under  typical  marine  condi- 
tions, brachiopods,  corals,  trilobites,  pelecypods,  etc.,  containing 
also  a  goodly  number  of  individual  ostracodes.  With  no  appar- 
ent break  in  the  stratigraphic  succession,  this  well-defined 
marine  fauna  is  followed  by  a  whole  series  of  faunas  consisting 
of  almost  no  other  organisms  than  ostracodes.     At  the  present 

•  ad  Geol.  Surv.  Penn.,  Rep.  G6,  p.  137 
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time  ostracodes  are  inhabitants  of  both  fresh  and  salt  water, 
while  the  brachiopods  and  corals  are  exchisively  marine  in  their 
habitat,  and  the  trilobites,  though  extinct  at  the  present  time, 
are  believed  also  to  have  been  wholly  marine  organisms.  If  at 
the  close  of  the  Niagaran  epoch  in  the  interior  of  North  America, 
marine  conditions  were  followed  bv  fresh-water  or  non-marine 
conditions,  the  extinction  of  the  marine  types  of  life  such  as  the 
brachiopods,  corals  and  trilobites  would  be  accounted  for,  as  well 
as  the  persistence  of  the  non-marine  ostracodes.  With  the  return 
of  marine  conditions  the  marine  types  of  life  would  also  return, 
just  as  they  do  in  the  Manlius  or  **  tentaculite  -^  limestone  over- 
lying the  Water-lime  formation  in  the  Nearpass  section. 

The  organic  evidence  of  the  non-marine  origin  of  the  Water- 
lime  sediments  is  not  confined  to  the  New  Jersey  area,  but 
wherever  the  formation  is  recogfuized  it  is  characterized  bv  the 
absence  of  marine  fossils  and  by  the  presence  of  peculiar  organic 
remains,  which  are  believed  to  be  fresh-water  or,  at  least,  non- 
marine  forms.  The  peculiar  crustacean  or  arachnoid  genera 
Eurypierus  and  Pterogotus^  which  are  so  characteristic  of  the 
Water-lime  fonnation  in  some  of  its  western  New  York  exposures, 
are  nowhere  found  associated  with  true  marine  types  of  life,  but 
they  do  occur  in  other  non-marine  fonnations,  as,  for  instance, 
in  Coal  Measure  strata  in  Pennsylvania,*  associated  with  the 
remains  of  land  plants  which  were  in  all  probability  deposited 
in  fresh  waters. 

The  presence  of  this  widespread  non-marine  formation  in  the 
interior  of  North  America  is  of  prime  significance.  It  shows 
that  following  the  wide-spread  interior  epicontinental  sea  of 
Silurian  timet — a  sea  that  had  reached  from  the  Appalachian 
land  on  the  east  to  beyond  the  Mississippi  river,  and  from  the 
western  extension  of  the  Appalachian  land  at  the  south  far  into 
the  Arctic  regions — some  readjustment  of  the  earth's  crust  was 
accomplished  by  reason  of  which  the  connnunication  between 
the  interior  sea  and  the  external  ocean  was  destroyed.  During 
the  whole  of  Silurian  time  stresses  had  Ik^cu  accumulating  in 
the  earth's  crust  until  a  general  readjustment  became  essential. 
This  readjustment  is  believed  to  have  lx?en  universal  and  not 

*  2(1  Geol.  Surv.  Penn.,  Rep.  P3,  pp.  23-39. 
t  Jour.  Geol.,  Vol.  VI,  p.  697. 
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local  in  nature,  and  the  major  movements  of  the  earth's  crust 
accompanying  it  are  believed  to  have  been  the  sinking  of  the 
ocean  bottoms,*  which  caused  the  withdrawal  of  the  waters 
from  the  continents. 

Following  the  period  of  readjustment,  the  waters  confined  in 
the  interior  by  the  elevated  rim  of  the  continent,  became  a  land- 
locked sea  inhabited  by  non-marine  types  of  life.  In  the  shallow 
seas  upon  the  outer  borders  of  the  continent  which  were  not 
drained  by  the  recession  of  the  oceanic  waters,  and  in  such  mod- 
erately deep  seas  as  became  shallow  by  reason  of  the  depression 
of  the  ocean  level,  conditions  favorable  for  the  development  of 
shallow-water  marine  life  persisted  during  this  period  of  read- 
justment, and  in  such  areas  the  evolution  of  marine  life  con- 
tinued without  interruption.  A  notable  example  of  such  a  border 
province  at  this  time,  was  in  eastern  Canada,  in  the  region  of 
the  St.  Lawrence  embayment.  Here  the  shallow-water  marine 
life  continued  its  evolution  without  the  wide-spread  extinction 
caused  bv  the  intervention  of  non-marine  conditions  such  as  oc- 
curred  in  the  interior  of  the  continent. 

This  period  of  readjustment  of  the  earth's  crust  constitutes  a 
natural  geologic  time  division  which  is  believed  to  have  a  world- 
wide significance.  Just  as  the  non-marine  deposits  of  the  Medina 
epoch  represent  the  natural  division  between  the  Ordovician  and 
Silurian  periods,  so  these  non-marine  water-lime  beds  represent 
the  natural  division  between  the  Silurian  and  Devonian.  On  the 
borders  of  the  continents  in  the  **  harbors  of  refuge ''  where  the 
shallow-water  marine  conditions  were  continuous,  the  conspicu- 
ous life-breaks  which  are  so  noticeable  in  the  interior  of  the  con- 
tinents are  not  present ;  so  in  the  eastern  provinces  of  Canada 
there  is  no  such  discontinuity  between  the  Silurian  and  Devonian 
life  as  is  recognized  in  the  interior. 

After  the  accomplishment  of  the  readjustment  of  conditions  a 
gradual  transgression  of  the  sea  upon  the  continent  was  initiated. 
This  transgression  was  caused  (i)  by  the  slight  settling  of  the 
continental  borders  which  may  have  been  forced  out  of  isostatic 
equilibrium  during  the  period  of  readjustment ;  (2)  by  the  land- 
ward cutting  of  the  continental  border,  and  (3)  by  the  transporta- 


^7or  a  further  discussion  of  this,  see  ''  The  Ulterior  basis  of  time  divisions  and  the  classification  of 
Geologic  History,"  by  T.  C.  Chamberlin.    Jour.  GeoJ.,  Vol   VI,  pp.  449-462. 
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tion  of  materials  from  the  continent  and  their  deposition  in  the 
ocean.  With  the  extension  of  the  shallow  marine  waters  towards 
the  interior,  a  union  was  at  last  established  between  the  exterior 
and  interior  shallow  seas.  With  the  renewal  of  this  connection, 
the  marine,  Devonian,  interior,  epicontinental  sea  came  into  ex- 
istence and  the  shallow-water  marine  life  again  found  its  way  to 
the  interior  of  the  continent,  the  derivation  of  this  life  being 
from  those  faunas  which  had  persisted  in  the  shallow  waters  on 
the  outer  borders  of  the  continent  during  the  readjustment 
period.  This  re-introduction  of  marine  faunas  into  the  interior 
initiates  the  Helderbergian  epoch  and  the  Devonian  period. 

Formations  of  the  Devonian  System. 

MANLIUS  LIMESTONE. 

Spirifer  vanuxcmi  zone.  Lying  upon  the  Rondout  Water- 
lime  formation  in  the  Nearpass  section  there  is  a  series  of  22 
feet  of  thinly-bedded,  knotty,  dark  blue  or  almost  black  lime- 
stones, referable  to  the  Manlius  or  '*  Tentaculite  ''  limestone  of 
the  New  York  section.  This  is  the  bed  which  constitutes  the 
quarr}'  stone,  and  its  outcrop  may  be  traced  throughout  the 
entire  length  of  the  Walpack  ridge  in  New  Jersey  by  the  line  of 
quarries  and  limekilns,  it  being  the  only*  limestone  of  the 
region  suitable  for  the  manufacture  of  lime. 

The  fauna  of  the  Manlius  limestone  is  not  a  large  one. 
Ostracodes  still  persist,  but  associated  with  them  are  several 
species  and  many  individuals  of  brachiopods,  gasteropods,  and 
some  cephalopods.  The  fauna  represents  the  first  return  of 
marine  conditions  after  the  non-marine  Water-lime  epoch.  In  the 
Nearpass  quarry,  fossils  were  collected  from  two  horizons  in  this 
formation,  one  near  the  l)ase  and  the  other  near  the  summit. 
PVom  the  lower  zone  at  this  locality  the  following  species  have 
been  identified  : 

1.  StropJiro(i())ita  lari striata  (Con.). 

2.  Spiri/rr  rafni.vi'mi  Hall. 


*  At  Flatbrookville  the  l'<0!>sardville  limestone  and  the  calcareous  beds  of  the  Decker  Ferry  fonna« 
tion  are  occasionally  burnt  for  lime.  Near  the  Delaware  Water  Gap  in  PenniylvanU,  the  Botsard- 
ville  limestone  has  been  used  for  years  in  making  lime  both  for  building  and  agricultural  purposes. 
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3.  Megamhonia  aviculoidea  Hall  ? 

4.  Holopca  antiqiia  (Van.). 

5.  Tentaciilites  gyracanthtis  (Eaton). 

6.  Ceplialopod  (gen.  and  sp.  undet). 

7.  Leperditia  alia  (Con.). 

8.  Ostracodes  (several  species). 

From  the  upper  zone  at  the  same  locality  the  following 
species  have  been  identified  : 

1.  Stropheodonta  varistriata  (Con.). 

2.  Gypidula  gal  eat  a  (Dal.). 

3.  Spirifer  vamixemi  Hall. 

4.  Gasteropods  (several  species). 

5.  Orthoccras^  sp.  undet. 

6.  Ostracodes  (several  species). 

The  most  conspicuous  species  in  this  fauna  are  Spirifer 
vauuxemi  and  Stropheodonta  varistriata^  and  for  the  lower  beds 
Leperditia  alta  may  be  added  to  these.  All  the  other  species 
are  more  or  less  uncommon.  In  the  upper  half  of  the  formation 
there  are  various  thin  bands  closely  crowded  with  gasteropod 
shells,  but  thev  are  so  fimilv  imbedded  in  the  matrix  that  their 
characters  cannot  easily  be  made  out,  and  as  a  usual  thing  they  can 
only  be  recognized  in  cross  section  on  the  weathered  surface  of 
the  quarry  face.  At  various  localities  along  the  entire  length 
of  the  Walpack  ridge  the  Spirifer  vamixemi  fauna  of  the 
Manlius  limestone  was  observ^ed,  but  it  will  not  be  necessary  to 
give  further  lists  of  species. 

There  has  been,  and  is  at  the  present  time,  some  diversity  of 
opinion  among  American  geologists  and  paleontologists  as  to 
the  proper  line  of  separation  between  the  Silurian  and  Devonian 
systems.  In  the  past  this  line  has  usually  been  placed  between 
the  Helderberg  and  Oriskany  formations,  but  more  recently 
Clarke  and  Schuchert*  have  become  the  chief  advocates  of 
placing  it  down  so  as  to  include  the  Helderberg  formations  in 
the  Devonian.  The  impracticability  of  drawing  any  line  of 
demarcation  between  tw^o  of  the  major  divisions  of  the  geologic 
time  scale  at  the  Helderberg-Oriskany  contact  horizon,  is  strongly 
brought  out  to  any  student  of  the  stratigraphic  paleontolog}-  of 

•  Science,  N.  S.,  Vol.  X,  pp.  874-878. 
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eastern  New  York  or  New  Jersey.  There  is  at  this  horizon  no 
stratigraphic  break,  impure  shales  and  cherty  limestone  beds 
being  continuously  represented  in  the  section,  and  the  differen- 
tiation of  the  fossil  faiinas  is  no  more  satisfactory.  The  faiinal 
break  is  more  conspicuous  in  New  Jersey  between  the  Coeyuians 
limestoue  and  the  New  Scotland  beds  than  between  the  summit 
of  the  Helderbergian  series  and  the  Oriskany  beds.  The  alli- 
ance of  the  Helderbergian  fatmas  is  upward  to  a  far  greater  ex- 
tent than  downward,  and  in  the  uppermost  faunal  zone  there  is 
a  conspicuoiis  mingling  of  species  which  have  usually  been  con- 
sidered either  as  characteristic  of  the  Helderberg  or  of  the  Oris- 
kanv  faunas. 

Among  those  opposed  to  the  inclusion  of  the  Helderbergian 
series  in  the  Devonian,  the  chief  ground  of  appeal  is  to  the 
original  Silurian  system  in  England  as  described  by  Murchison, 
the  contention  being  made  that  faunas  equivalent  to  his  highest 
Silurian  fauna  are  present  above  the  Helderberg  in  America, 
But  even  if  this  contention  is  tnie,  it  should  not  of  necessity 
establish  the  Silurian  age  of  the  Helderbergian  series.  In  the 
classification  of  geologic  time  into  its  major  subdivisions,  it  is 
possible  to  push  the  doctrine  of  priority  too  far.  What  the  pres- 
ent day  geologist  is  seeking  is  a  natural  and  satisfactor>'  classifi- 
cation of  geologic  time,  not  what  w^as  the  classification  of  Mur- 
chison or  any  other  of  the  fathers  of  geology.  With  our  vastly 
increased  insight  into  paleontolog\'  and  stratigraphy,  it  is  unrea- 
sonable to  hold  that  the  present-day  geologist  is  not  able  to 
improve  on  the  classifications  of  the  past.  No  one  should  allow 
his  sentimental  respect  for  the  labors  of  the  fathers  of  geology, 
important  as  they  undoubtedly  were,  to  stand  in  the  path  of 
improvement  and  progress.  It  is,  of  course,  best  to  adopt  the 
earlier  classification  in  so  far  as  it  can  be  adjusted  to  our  more 
perfect  understanding  of  the  facts,  but  it  is  not  in  the  line  of 
progress  to  bind  ourselves  to  the  arbitrary  limits  established  long 
ago  for  the  major  divisions  of  the  time  scale,  when  we  are  now 
able  to  establish  more  natural  ones. 

In  the  present  report  the  Helderlx^rgian  formations  are  con- 
sidered as  of  Devonian  age,  but  the  writer  differs  from  Clarke 
and  Schuchert  in  his  estimate  of  the  Manlius  limestone.  These 
authors  have  placed  this  formation  at  the  summit  of  the  Silurian, 
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linking  it  with  the  subjacent  Water-lime  formation  as  has  been 
the  usual  custom  in  the  past,  rather  than  with  the  superjacent 
formations.  The  fauna  of  the  Manlius  limestone,  with  its  ma- 
rine types  of  life,  differs  conspicuously  from  that  of  the  Water-lime 
formation  w^hich  is  characterized  by  its  non-marine  life.  On  the 
other  hand  the  two  most  characteristic  species  of  the  Manlius 
limestone  fauna,  Spirifer  vanuxemi  and  Stropheodonta  vari- 
striata  are  both  present  in  the  Gypidula  galeata  fauna  of  the 
superjacent  beds,  the  first  one  being  rarely  represented  and  the 
second  often  being  abundant  in  the  higher  fauna.  Then  again, 
Gypidula  galeata^  the  most  characteristic  species  of  the  beds 
superjacent  to  the  Manlius  limestone,  is  sometimes  present  in 
the  Spirifer  vanuxemi  fauna.  Under  these  conditions  it  seems 
as  difficult  to  draw  one  of  the  major  division  lines  of  the  geologic 
time  scale  at  the  summit  of  the  Manlius  limestone  as  at  the 
summit  of  the  Helderbergian  series. 

It  would  seem  to  be  far  better  for  the  purposes  of  a  natural 
classification  of  geologic  time,  to  consider  the  non-marine  Water- 
lime  fonnation  as  the  division  between  the  Silurian  and  Devonian 
periods,  beginning  the  latter  period  with  the  first  re-initiation  of 
marine  life  into  the  interior  of  the  continent.  This  non-marine 
horizon  is  a  widespread  one  in  eastern  North  America,  and  it  is 
believed  that  it  will  be  found  to  represent  a  terrestrial  period 
which  was  more  or  less  world-wide  in  its  distribution.  In  Europe 
this  non-marine  horizon  is  indicated  by  the  presence  of  strata  in 
Scotland  and  on  the  continent  containing  a  peculiar  Eurypterus 
fauna  similar  to  that  in  the  American  Water-lime  formation,  but 
the  symmetrical  continental  development  of  Europe  was  far  less 
perfect  than  that  of  North  America,  and  there  are  in  England 
no  marine  beds  corresponding  to  our  Helderbergian  series. 

It  is  believed  that  a  complete  elucidation  of  the  earth's  history- 
will  show  an  alternation  of  terrestrial  and  marine  conditions  upon 
the  continental  platfonns,  and  that  these  alternations  will  be 
found  to  be  more  or  less  world-wide  in  their  distribution. 
These  alternations,  then,  will  fonn  a  basis  for  a  natural  classifica- 
tion of  geologic  time,  as  has  been  suggested  by  Chamberlin.* 
If  this  hypothesis  shall  prove  to  be  tenable,  it  will  be  seen  that 
the  paleontologic  record  of  the  continental  interior  will  usually 


•Jour.  Geol.,  Vol.  VI,  p.  449. 
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exhibit  an  alternation  of  marine  and  non-marine  faunas,  the 
terrestrial  periods  being  represented  either  by  sediments  with 
non-marine  life  or  by  no  sedimentation  at  all.  On  the  conti- 
nental borders,  however,  marine  conditions  will  have  been  con- 
tinuous and  no  such  great  life-breaks  may  be  looked  for. 

In  North  America  this  contrast  between  the  interior  and 
border  provinces  is  strikingly  brought  out,  both  in  the  Ordovico- 
Silurian  and  the  Siluro-Devonian  transitions.  In  the  first  in- 
stance we  have  the  continuitv  of  life  in  the  Anticosti  fonnation 
of  eastern  Canada,  while  the  Medina  formation,  probably  non- 
marine  in  origin,  fills  the  interval  in  the  continental  interior.* 
In  the  same  border  province  there  is  a  continuity  of  Silurian 
and  Devonian  life,  while  in  the  interior  the  transitional  terres- 
trial period  is  indicated  by  the  Salina  and  Water-lime  fonnations 
with  non-marine  life. 

COEYMANS    LIMESTONE. 

Gypidiila  galea  fa  zone.  At  the  top  of  the  bluff  in  the  Near- 
pass  quarry,  lying  upon  the  Manlius  limestone  and  scarcely 
separable  from  it  stratigraphically,  are  other  limestone  beds 
which  gradually  assume  a  coarser  texture  and  often  become 
more  or  less  cherty.  This  formation  is  what  has  usually  been 
known  as  the  **  Lower  Pentamerus  limestone,'^  but  for  which 
Clarke  and  Schuchertf  have  recently  proposed  the  more  satis- 
factorv  name  Coevmans  limestone.  This  formation  differs  from 
the  Manlius  limestone  not  only  in  texture  and  other  lithologic 
characters,  but  also  in  containing  a  far  more  prolific  fossil  fauna. 
The  most  characteristic  species  of  the  fainia  is  Gypidnia  galeata^ 
a  species  formerly  included  in  the  genus  Pentamerus^  hence  the 
older  name  of  the  formation. 

In  the  Xearpass  section  the  thickness  of  this  formation  has 
been  estimated  at '40  feet,  though  only  the  lower  teds  are  here 
actually  exposed.  There  are  in  the  formation  as  it  is  exhibited 
in  the  various  outcrops  in  the  area  under  discussion,  several  more 
or  less  distinct  sul>-zones  of  the  (rvpidiila  galeata  fauna.  All  of 
these  sulvzones  contain  the  type  species  of  the  formation,  but  not 

*  Sec  "  The  Silurian  Fauna  Inierprcied  on  the  Epicontinentai  Basis,"  by  Stuart  Weller,  Jour.  Geol.» 
Vol.  VI,  pp.  692-707 

t  Science,  N.  S.,  Vol.  X,  pp.  874-87H. 
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all  of  them  contain  it  in  the  same  relative  numerical  abundance. 
Only  the  lowennost  of  these  sub-faunas  has  been  traced  with  anv 
decree  of  continuity  through  the  entire  length  of  the  Walpack 
ridge,  and  even  this  one  has  not  as  yet  been  so  clearly  recog- 
nized in  the  extreme  southern  portion  of  the  area  as  it  has  at 
the  north. 

The  faima  of  the  basal  portion  of  the  Gypidula  galeata  zone 
is  characterized  by  its  large  number  of  corals  of  the  genus 
Favosites^  and  by  the  genus  Stromatopora,  It  is  really  a 
southern  extension  of  the  coral  bed,  recognized  at  the  base  of 
the  same  formation  in  New  York.  Near  the  top  of  the  Nearpass 
bluff  this  bed  may  be  easily  traced  by  the  large  number  of 
Favosites  which  have  become  conspicuous  in  the  weathered  sur- 
face. In  the  Nearpass  quarry  the  following  species  have  been 
identified  from  the  Favosites  bed : 

1.  Favosites  helderbcrgice  Hall. 

2.  Favosites  sphericiis  Hall. 

3.  Stromatopora  concentrica  Goldf. 

4.  Stropheodonta  varistriata  (Con.). 

5.  Stropheodonta  beckei  Hall. 

6.  Strophonella  piinctulifera  (Con.). 

7.  Dalmanella  perelegans  Hall. 

8.  Gypidula  galeata  (Dal.). 

9.  Rhynchonella  semiplicata  (Con.). 

10.  Rhvnehonella  transversa  Hall. 

11.  Uneinulus  mutabilis  Hall. 

12.  Atrypa  retieularis  (Linn.). 

13.  Spirifer  octocostatiis  Hall.  ? 

14.  Meristella  hevis  (Van.)? 

15.  Lichen  alia  tort  a  Hall. 

16.  Ptilodictya  ?  sp.  undet. 

17.  Pterinea  cf.  P,  text  His  (Hall). 

18.  Capuliis  sp.  undet. 

19.  Dalmanites  sp.  undet. 

20.  Phacops  sp.  luidet. 

At  Peter^s  Valley  the  Coeymans  limestone  is  well  exposed  in 
the  hillside  above  the  large  spring  one-half  mile  northeast  of 
the  village,  and  again  in  the  hillside  above  the  school-house. 
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The  coral  bed  is  not  so  well  exposed  in  this  locality,  but  Gypidula 
galeata  is  remarkably  abundant,  it  being  represented  by  hun- 
dreds of  individuals,  while  most  of  the  other  species  present  are 
more  or  less  rare.  The  following  species  have  been  identified 
from  Peter's  Valley  above  the  large  spring : 

I.'  Zaphroitis  sp.  undet. 

2.  Stropheodonta  varistriata  (Con.). 

3.  Strophonella  piiiictnlifera  (Con.). 

4.  Dalmmiella  perelegans  Hall.  ? 

5.  (}ypidiila  galeata  (Dal.). 

6.  Rhynchonclla  scmiplicata  (Con.). 

7.  Uncmiihis  vmtahilis  Hall. 

8.  Lissoplciira  cequivalvis  (Hall). 

9.  A  try  pa  reticularis  (Linn.). 

10.  Spirifer  vaniixevti  Hall. 

11.  Meristella  Icevis  (Van.)?  small  form. 

12.  Rhynchospira  formosa  H^W, 

13.  Lichenalia  torta  Hall. 

14.  Conocardium  sp.  undet. 

15.  Megambonia  f  sp.  undet. 

16.  Tentaculites  sp.  undet. 

17.  Dalmanites  sp.  undet. 

18.  Ostracodes  (several  species). 

At  Flatbrookville  the  Coeymans  limestone  is  well  developed, 
and  in  a  bed  lying  near  the  top  of  the  formation  the  species  col- 
lected were  the  following : 

1.  Stropheodonta  varistriata  (Con.). 

2.  Stropheodonta  beckei  Hall. 

3.  Strophonella  punctnlifera  (Con.). 

4.  Orthothetes  icooheorthanus  Hall. 

5.  Schizophoria  mitltistriata  Hall. 

6.  (iypidula  galeata  (Dal.). 

7.  Rhynchonella  seniiplicata  (Con.). 

8.  I  ^ncinulns  niutabilis  Hall. 

9.  I  'nciniiliis  pyraniidatiis  Hall. 

10.  A  try  pa  reticularis  (Linn.). 

11.  Spirifer  octocostatus  Hall.  ? 
12.6  vrtifia  da  I  man  i  ( Hall ). 
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13.  Meristella  Icrvis  (Van.)?  small  fonn. 

14.  Rhynchospira  formosa  Hall. 

15.  Lichenalia  torta  Hall. 

16.  Fenestellaf  sp.  undet. 

17.  Pterinea  sp.  undet. 

18.  Tentaculites  sp.  undet. 

19.  Dalmanites  sp.  undet. 

20.  Phacops  sp.  undet. 

At  a  single  locality,  north  of  Hainesville,  a  fauna  was  col- 
lected which  is  believed  to  have  come  from  the  verv  summit  of 
the  Coeymans  limestone.  The  particular  variety  of  Gypidula 
galcata  which  is  present  in  the  lower  portion  of  the  fonnation  is 
not  abundant  in  this  locality,  although  it  is  rarely  represented. 
Most  of  the  specimens  of  this  species  which  do  occur  here  have 
a  more  pronounced  fold  and  sinus  which  is  marked  by  coarser 
plications,  the  sides  of  the  shell  being  nearly  smooth.  The  fol- 
lowing species  have  been  identified  from  this  locality : 

1.  Zaphrcntis  roemcri  E.  &  H.  ? 

2.  Favosites  helderbergi^  Hall. 

3.  Coral  (gen.  and  sp.  undet.). 

4.  Gypidula  galcata  (Dal.). 

5.  Rhynchonella  scmiplicata  (Coji.). 

6.  Rhynchonella  sp.  undet. 

7.  Uncinulus  pyra^nidatus  Hall. 

8.  A  try  pa  reticularis  (Linn.). 

9.  Spirifer  octocostatiis  Hall. 

10.  Spirifer  concinnns  Hall. 

11.  Cyrtina  dalmani  Hall. 

12.  Nucleospira  cf.  A',  concent rica  Hall. 

13.  Rhynchospira  formosa  Hall. 

14.  Meristella  her  is  (Van.). 

15.  Lichenalia  torta  Hall. 

16.  Fe  nest  el  I  a  sp.  undet. 

17.  Cornulites  sp.  imdet. 

18.  Pterinea  text  His  Hall.  ? 

19.  Rhomhopteria  cf.  R.  mira  Barr. 

20.  Caput  us  gihbosum  (Hall). 

21.  Holopea?  sp.  undet. 

22.  Murchisonia  sp.  undet. 
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This  fauna  is  quite  different  in  its  general  composition  from 
anv  of  those  in  the  lower  beds  of  the  Coevmans  limestone,  one 
of  its  most  conspicuous  characteristics  being  the  entire  absence 
of  the  genera  Stropheodonta  and  Strophonella,  In  the  increased 
representation  of  the  genus  Spirifer^  the  faima  shows  its  approach 
towards  those  of  the  superjacent  New  Scotland  beds,  but  on 
account  of  the  presence  of  Gypidula  galcata  the  beds  containing 
it  are  included  in  the  Coevmans  limestone. 


NEW   SCOTLAND   BEDS. 

In  New  York  the  Coeymans  limestone  is  followed  by  a  series 
of  beds  formerly  known  as  the  Catskill  or  Delthyris  Shah- 
limestone,  but  for  which  Clarke  and  Schuchert'*'  have  proposed 
the  name  New  Scotland  beds.  This  formation  contains  a 
wonderfully  prolific  fainia,  especially  characterized  by  the  large 
representation  of  the  genus  Spirifer,  standing  in  sharp  contrast 
in  this  respect  to  the  faimas  of  the  Coeymans  limestone.  The 
New  Scotland  beds  are  extended  into  New  Jersey,  where  they 
are  well  represented  and  contain  a  fauna  which  is  in  general 
identical  with  that  in  New  York.  In  New  Jersey  this  fauna  as 
a  whole  is  differentiated  into  three  more  or  less  distinct  faunal 
zones,  while  in  New  York,  so  far  as  can  be  determined  from  the 
literature,  the  species  constitute  one  general  assemblage  of  life. 

These  beds  are  well  exhibited  in  the  Nearpass  section,  although 
they  are  not  exposed  at  any  point  in  the  quarry  bluff.  At  this 
locality  three  distinct  beds  are  recognized  in  the  formation  as  a 
whole,  a  cherty  limestone  at  the  base  and  another  at  the  summit, 
with  a  shale  bed  between.  These  three  beds  have  been  recog- 
nized throughout  a  large  part  of  the  area  inider  discussion,  but 
thev  have  not  been  so  clearlv  differentiated  at  the  extreme 
southern  end  of  the  ridge  as  at  the  north. 

Kach  of  the  three  beds  of  this  formation  is  characterized  by 
some  species  which  are  more  or  less  restricted  to  it,  and  these 
somewhat  distinct  faunal  zones  will  be  spoken  of  as  the  Spirifer 
pryla}}iclIosns  zone,  the  Spirifer  macroplcunis  zone,  and  the 
Spirifer  cycloptcrus  zone,  from  that  species  of  Spirifer  which  is 
most  characteristic  of  each. 


♦  Science,  N.  S.,  Vol.  X,  pp.  874-8,8. 


THE  STATE  GEOLOGIST.  33 

Toward  the  southern  part  of  the  Walpack  ridge  in  New 
Jersey  there  is  intercalated  between  the  Coeymans  limestone  and 
the  New  Scotland  beds  a  sandstone  formation  which  continues 
southwestward  into  Pennsylvania,  where  it  becomes  conglom- 
eratic in  places.  To  this  fonnation  White*  has  given  the  name 
Stonnville  conglomerate.  At  Flatbrookville  this  sandstone 
seems  to  replace  the  lower  cherty  limestone  member  of  the  New 
Scotland  beds.  A  few  notes  upon  this  formation  will  be  added 
after  the  discussion  of  the  New  Scotland  beds. 

Spirifer  pcrlamellosiis  zone.  The  lowest  member  of  the  New 
Scotland  beds  is  an  impure  cherty  limestone,  some  beds  of 
which  in  certain  localities  are  constituted  almost  entirely  of 
chert.  The  commonest  species  of  Spirifer  which  has  been 
found  in  this  bed  is  S,  perlamellostis^  and  from  this  species  the 
faunal  zone  has  been  named.  This  species,  however,  is  not 
restricted  to  this  horizon  alone,  as  it  also  occurs  in  the  super- 
jacent shale  beds. 

In  the  Nearpass  section  this  bed  is  for  the  most  part  covered 
with  drift,  but  just  above  the  quarry  of  Mr.  Sanford  Nearpass  a 
good  outcropping  ledge  is  exposed,  from  which  the  following 
species  were  collected : 

1.  Hindia  fibrosa  (Roem.). 

2.  Streptelasma  stricttnn  Hall. 

3.  luxanocrinus  sp.  undesc. 

4.  Pholidops  ovata  Hall  ? 

5.  Stropheodonla  beckei  Hall. 

6.  Strophonella  piinctiilifera  (Con.). 

7.  Strophonella  sp.  undet. 

8.  Leptcona  rhomboidalis  (Wilck.). 
g.  Dalmanella  perelegans  Hall. 

10.  Rhipidomella  obi  at  a  Hall. 

11.  Bilohites  varicns  (Con.). 

12.  Sccnidiiim  insigne  Hall. 

13.  Unciniihis  pyramidatiis  Hall. 

14.  Eaton  ia  media  I  is  (Van.). 

15.  Spirifer  perlaniellosus  Hall. 

16.  Spirifer  eyclopterus  Hall. 


*  3d  G«ol.  Surv.  Penn.,  Rep.  G6,  p  132. 
3  GEOL 
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17.  Niiclcospira  concentrica  Hall. 

18.  Meristella  Icevis  (Van.). 

19.  Pterinea  sp.,  cf.  P,  textiles  (Hall). 

20.  Platyostoma  sp.  undet. 

21.  Dalrnanites  plenropteryx  (Green).  ? 

22.  Phacops  sp.  undet. 

Just  below  Hainesville  there  is  another  good  exposure  of  this 
bed  and  from  it  the  following  species  have  been  identified : 

1.  Hijidia  fibrosa  (Roeni.). 

2.  Crlossina  spatiosa  (Hall).  ? 

3.  Stropheodoiita  beckei  Hall. 

4.  Strophonella  punctiilifera  (Con.). 

5.  Stj'ophonella  levenzi'orthana  Hall. 

6.  Leptcena  rhomboidalis  (Wilck.). 

7.  Dalmanella  perelegaiis  Hall. 

8.  Dalmauella  sitbcarinata  Hall. 

9.  Rhipidomella  oblata  Hall. 

0.  Rhipidomella  eminens  Hall. 

1.  Orthoihetes  zvoohvorthanus  Hall. 

2.  i^ncinulus  vellicatiis  Hall. 

3.  Ratonia  singularis  (Van.). 

4.  Eato)iia  media  lis  (Van.). 

5.  Spirifer perlamellosus  Hall. 

6.  Meristella  Icevis  (Van.). 

7.  Pterinea  spimilifera  (Hall). 

8.  Pterinea  sp.  undet. 

9.  Megambonia  02'ata  Hall.  ? 

20.  Cypricardinia  sublamellosa  Hall.  ? 

21.  Loxonema  attenuata  Hall.  ? 

2 2 .  Strophostyliis  gebiiardi  ( Con. ). 

23.  Ortiwceras  sp.  undet. 

24.  Phacops  log  an  i  Hall. 

25.  Dalmanites  sp.  undet. 

Spirifer  macropleurus  zo}ie.  The  intermediate  member  of  the 
New  vScotland  beds  is  usually  a  rather  soft  earthv  shale.  In 
most  localities  this  bed  is  drift-covered,  but  several  good  expos- 
ures of  it  have  been  observed,  it  seeming  to  exhibit  greater  con- 
tinuity than  either  the    subjacent    or  superjacent   beds  of  the 
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foniiatioii.  This  shale  is  particularly  characterized  by  the  pres- 
ence of  Spirifcr  macroplcurus^  a  species  which  has  not  yet  been 
observ'ed  at  any  other  horizon  in  New  Jersey,  and  therefore  this 
horizon  has  been  designated  as  the  Spiri/er  macropleiirtis  zone. 
In  the  Nearpass  section  this  shale  bed  occupies  the  first  hollow 
beyond  the  summit  of  the  Nearpass  quarr}^  bluff,  only  a  few 
limited  exposures  of  it  being  visible.  The  following  species 
have  been  collected  at  this  locality : 

1.  Stripiclasma  strictum  Hall. 

2.  Sirophcodonta  bcckei  Hall. 

3.  Lcptcrna  rhomboidalis  (Wilck.). 

4.  Rhipidofnella  oblata  Hall. 

5.  Eaton  ia  medial  is  (Van.). 

6.  Spirifer  macroplein'us  (Con*.). 

7.  Spirifer  cyclopterns  Hall. 

8.  Spirifer  perlamellosns  Hall. 

9.  Trefnalospira  multistriata  Hall. 

10.  Meristella  arena ta  Hall. 

11.  Anoplotheea  eoneava  (Hall). 

12.  Pterinea  commnnis  (Hall.) 

13.  Cyprieardinia  lamellosa  Hall. 

14.  Tentaeulites  sp.  undet. 

15.  Dalnianites  sp.  undet. 

About  a  mile  and  a  half  south  of  the  Nearpass  quarry,  in  the 
east  side  of  the  ridge,  a  small  excavation  has  been  made  in  this 
shale.  At  this  locality  fossils  are  preserv^ed  in  abundance  and 
the  following  species  have  been  identified. 

1.  Stropheodonta  beekei  Hall. 

2.  Strophonella  pnnctnlifera  (Con.). 

3.  Leptccna  rhomboidalis  (Wilck.). 

4.  Rliipidomella  oblata  Hall. 

5.  Eatonia  medialis  (\'an.). 

6.  Spirifer  maeroplenrus  (Con.). 

7.  Spirifer  cyelopterns  Hall. 

8.  Spirifer  perlamellosns  Hall. 

9.  Atrypina  imbricata  Hall. 

10.  Meristella  arena t a  Hall. 

11.  Anoplotheea  eoneava  (Hall). 
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Below  Hainesville,  lying  above  the  bed  from  which  the  fauna 
of  the  Spirifer  perlamellostis  zone  has  already  been  recorded,  this 
shale  bed  is  well  exposed  and  has  furnished  the  following 
species : 

1.  Stropheodonta  beckei  Hall. 

2.  Leptcena  rhomboid alis  (Wilck.) 

3.  Rhipidovtella  oblata  Hall. 

4.  Eatonia  niedialis  (Van.). 

5.  Uiiciniilus  vellicatus  Hall. 

6.  Spirifer  macropleurtis  (Con.). 

7.  Spirifer  cyclopteriis  Hall. 

8.  Treviatospira  mulfisiriaia  Hall. 

9.  Atrypina  imbricata  Hall. 

10.  Aleristella  arcuata  Hall. 

11.  Anoploiheca  concava  {YlaW). 

About  one  mile  below  Peter's  Valley,  in  the  side  of  the  road 
crossing  the  ridge,  an  excavation  for  road  material  ha!^  been 
made  in  this  shale.  Some  of  the  beds  at  this  locality  are  fossilif- 
erous  and  the  following  species  have  been  identified : 

1.  Stropheodonta  beckei  Hall. 

2.  Leptcena  rhomboidalis  (Wilck.). 

3.  Rhipidomella  oblata  Hall. 

4.  Orthostrophia  strophomenoides  Hall. 

5.  Eatonia  mcdialis  (Van.). 

6.  Spirifer  macropleurus  (Con.). 

7.  Spirifer  cyclopteriis  Hall. 

8.  Spirifer  per  la  me  I losiis  Hall. 

g.    Trcmatospira  multistriata  Hall. 

10.  Atrypina  imbricata  Hall. 

11.  Meristella  arcuata  Hall. 

At  Flatbrookville,  just  below  the  village,  the  Spirifer  macro- 
pleurus bed  is  exposed,  lying  directly  upon  the  Stormville  sand- 
stone, indicating  that  at  this  locality  the  sandstone  has  replaced 
the  basal,  cherty  limestone  member  of  the  New  Scotland  beds. 
These  shale  beds  at  this  point  are  a  much  tougher  and  more 
calcareous  rock  than  at  the  localities  that  were  examined  further 
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north.     The  following  species  of  fossils  were  collected  at  Flat- 
brookville : 

1.  Streptelasma  stricttim  Hall. 

2.  Stropheodonta  beckei  Hall. 

3.  Lcptcena  rhomboid alis  (Wilck.). 

4.  Ortliostrophia  strophonieiwides  Hall. 

5.  RhipidonicUa  oblata  Hall. 

6.  Eatofiia  medialis  (Van.). 

7.  Spirifcr  macroplenrtis  (Con.). 

8.  Meristclla  arcuata  Hall. 

9.  Dalmanites  sp.  undet. 

Spirifer  cyclopterus  zone.  The  uppermost  member  of  the  New 
Scotland  beds  in  the  Nearpass  section,  is  exposed  along  the 
crest  of  the  first  low  ridge  back  of  the  summit  of  the  Nearpass 
quarr>^  bluff.  This  bed  is  an  extremely  cherty  limestone,  which 
makes  a  rather  continuous  outcrop  because  of  its  power  of  re- 
sistence  to  the  weather.  It  is  often  highly  fossiliferous,  but  the 
fossils  are  usually  so  firmly  imbedded  in  the  cherty  matrix  that 
it  is  difficult  to  make  satisfactory  identifications  of  the  species. 
This  cherty  limestone  has  been  observed  at  several  points  along 
the  ridge,  but  the  only  locality  where  the  fauna  has  been  made 
out  with  any  degree  of  satisfaction  is  in  the  Nearpass  section 
from  which  locality  the  following  species  have  been  identified  : 

I.  Zaphrentis  sp.  imdet. 

?.  Stropheodonta  beckei  Hall. 

3.  Stropheodonta  plamilata  Hall. 

4.  StrophoneUa  punctuli/era  (Con.). 

5.  Leptcena  rhomboidalis  (Wilck.). 

6.  Rhipidomella  oblata  Hall. 

7.  Uncinulus  vellicatiis  Hall. 

8.  Rhynchotrema  formosian  (Hall). 

9.  Rhynchonella  bialveata  Hall. 

10.  Spirifer  cyclopterus  Hall. 

11.  Meristella  Ice  vis  (Van.). 

12.  Pterinea  textiles  (Hall). 

13.  Phacops  logani  Hall. 

14.  Homalonotus  vannxemi  Hall. 

15.  Lichas  piistnlosus  Hall. 
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i6.  Dalmanites  sp.  iiudet. 

17.  Ostracodes  (several  undet.  sp.). 


Vertical  raiige  of  species  in  the  Neiv  Scotland  beds.  For  tlie 
purpose  of  comparing  the  faunas  of  the.  three  members  recog- 
nized in  the  New  Scotland  beds,  the  following  table  has  been 
prepared : 


UST  OF  SPECIES. 


S.  perlamellosos    S.  macropleurus 


zone. 


X 


X 

X 
X 

X 

X 


zone. 


X 


X 


X 


X 


Hindia  fibrosa^    .  |  .    .     x 

StrepUlasnta  sirictutn^ .     x 

Lecanocrinus  sp.  undet., .     x 

Pholidops  ovatus i  .   -     x 

Glossina  spatiosa, X 

Stropheodonta  beckei^ 

Sttopheodonta  planulata, 

Strophonella  punctulifera^ 

Strophonella  levenworthana^ 

Leptcrna  thomboidalis^     v 

Dahnanella  pereiegans, 

Dalnianella  subcarinata^ 

Rhipidofftella  oblata 

Rhipidofttclla  etninens,      1  .    .     x 

Bilobitcs  varicus, I  .    .     x 

^cenidimn  insigne, I  .    .     x 

Orihothetcs  7voohvorthanus.     .    .        .    .  1  .   .     x  ; 

OrthoUrophia  strophoinenoides^  ....  I I  .    .     x 

Uncinulus  pyramidatus^ 1  .    .     X  | 

Unci  f ml  us  vellicatus, |  .    .     x     .    .  ,  .    .     x 

Rhynchotrema  forvtosa^ I 

Rhynchonella  bialveata^ I I  •    •    • 

Eatonia  ntedialis ]  .    .     x 

Eaton ia  singularis .     x 

Atrypina  unbricaia^ I  •  ^- 

Spirifcr  perlamellosus^ I  .    .     x     ....     x 

Spirifer  macropleurus ^ 1 X 

Spirifcr  cyclopterus j  .    .     x     .    .  '  .    .     x 

Nucieospira  concentrica, I  .    •     X 

Trematospira  ntultistriata^ x 

Me  ri  Stella  Ice  vis ,  .    .     x     •    •  I  . 

Me  ri  Stella  arena  la, , 

Anoplolheca  con  cava 

Plerinea  lextilis 

Ptcrinca  spinuli/era, 

Plerinea  communis^ 

Megavibonia  oval  a, 

Cvpficardinia  lamellosa 1  •    •    • 

Cvpricardinia  sublamellosa,    ....      ;  .         < 

Loxonema  alien uata, !  .    . 

Slrophoslylns gebhardi !.    . 

Dahnaniles  s\i., '  .    . 

Phacops  logani, 

Homalonotus  vanuxemi 

Lichas  pnstulosus 


V 


V 


S.  cyclopterus 
zone. 


X 

X 
X 


X 
X 
X 


X 


X 


y. 


X 

X 
X 
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STORMVILLE   SANDSTONE. 

This  formation  is  present  only  in  the  southern  half  of  the 
area,  wheie  it  lies  immediately  above  the  Coeymans  limestone. 
It  makes  its  first  appearance  jnst  south  of  Hainesville,  where  it 
occurs  as  a  thin  sandy  layer  in  the  top  of  the  Coeymans  lime- 
stone. South  of  this  locality,  for  some  distance,  this  sandstone 
is  not  a  conspicuous  formation.  It  is  too  thin  a  bed  and  is  too 
heavily  drift-covered  to  afford  noticeable  exposures.  Below 
Peter's  Valley,  however,  it  becomes  more  strongly  developed 
and  is  frequently  met  with.  A  good  exposure  of  it  may  be  seen 
in  the  side  of  the  road  crossing  the  ridge  at  Walpack  Center. 
At  one  locality  above  Walpack  Center  this  formation  contains 
numerous  fossils,  but  they  are  all  imperfect  casts  and  cannot  be 
identified  with  any  certainty,  though  most  of  them  appear  to  be 
identical  with  species  which  occur  in  the  Spirifer  pcrlamellosiis 
zone  of  the  New  Scotland  beds.  At  Flatbrookville  this  sand- 
stone occurs,  and  from  the  base  of  the  formation  specimens  of 
Gypidiila  galcaia  were  collected,  while  the  beds  lying  above  it 
contain  the  fauna  of  the  Spirifrr  macropleurus  zone,  which  indi- 
cates that  at  this  locality  the  Stonnville  sandstone  has  replaced 
the  lower  cherty  limestone  member  of  the  New^  Scotland  beds. 

According  to  the  report  on  Pike  and  Monroe  counties,  Penn- 
sylvania,* the  Stonnville  sandstone  becomes  more  and  more  a 
conspicuous  formation  to  the  south,  and  gradually  replaces  the 
remaining  members  of  the  New  Scotland  beds  and  also  the 
superjacent  strata  until  it  becomes  continuous  with  the  Oriskany 
sandstone. 

BECRAFT   LIMESTONE. 

Dalmanitcs  dcntatiis  zone.  In  the  Nearpass  section  the  upper 
cherty  members  of  the  New  Scotland  beds  is  followed  by  a 
series  of  more  or  less  calcareous  shalv  beds,  at  the  summit  of 
which  are  some  well-defined  beds  of  limestone  filled  with  fossils. 
These  limestone  beds  form  the  crest  of  the  high  ridge  to  the 
northwest  of  the  Nearpass  quarry,  and  are  a  southern  extension 
of  the  beds  which  form  the  crest  of  the  ridge  in   New   York 

•ad  Geol  Surv.  Peon.,  Rep.  G6,  pp.  13J,  133. 
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State  east  of  Tri-States,  which  has  been  called  "  Trilobite  ridge  '^ 
by  those  who  have  collected  in  that  region.  These  upper  beds 
are  characterized  by  the  great  number  of  trilobite  fragments 
which  are  preserved  in  them,  the  most  abundant  species  being 
Dabnanites  dentattis.  The  trilobite  remains  are  not  restricted  to 
the  limestone  beds  at  the  summit  of  the  formation,  but  occur 
also  in  the  more  shalv  beds  below,  althouo:h  thev  are  nowhere 
so  abundant  as  in  the  upper  beds. 

The  fauna  of  these  trilobite  beds  is  somewhat  peculiar,  being 
a  mingling  of  Lower  Helderberg  and  Oriskany  species,  and  is 
perhaps  equivalent  to  the  fauna  from  Becraft  Mt.,  in  New^ 
York,  which  has  been  noticed  by  Beecher  and  Clarke*  and  has 
been  referred  by  them  to  the  lower  Oriskany. 

The  following  species  have  been  identified  from  the  trilobite 
beds  in  the  crest  of  the  high  ridge  in  the  Nearpass  section : 

1.  Vermipora  serpiiloidcs  Hall. 

2.  Vermipora  ?  tortuosa  Hall. 

3.  Orhiailoidca  ampla  Hall. 

4.  Lmgnla  sp.  undet. 

5.  Stropheodo72ta  lincklacni  Hall.  ? 

6.  Stropheodoiita  77iagnijica  Hall. 

7.  Stropheodonta  sp.  undet. 

8.  Chonostrophia  sp.  undet. 

9.  Chonostrophia  complanata  Hall.  ? 

0.  Lcptcrna  rhomboidalis  (Wilck.). 

1.  Da  hn  and  la  suhcarinaia  Hall. 

2.  Dalmanella  pcrelcgans  Hall. 

3.  Rhipidomclla  discus  Hall. 

4.  Rhynchonella  several  undet.  sp. 

5.  RcnsseUrria  mufabilis  Hall. 

6.  Spirifcr  a  r  red  us  Hall. 

7.  Spirifcr  sp.  undet. 

8.  Cyrtina  rostra  la  Hall. 

9.  Mcristclla  princcps  Hall. 

20.  Mcgavibonia  l)cllistriata  Hall?  (small  form). 

21.  Mcgamhonia  lamcllosa  Hall?  (small  fonn). 

22.  Modionuvpha  /  sp.  undet. 

23.  Ptcrinca  /r.i7/7/>  (Hall). 

♦Am.  Jour.  Sci.  (3),  Vol.  XLIV,  pp.  410-414. 
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24.  Pterinea  sp.  undet. 

25.  Goniophora  sp.  iiiidet. 

26.  Loxonema  sp.  undet. 

27.  Strophostyliis  transverstis  Hall  ? 

28.  Capiilus  sp.  cf.  C  dilatatiim  (Hall). 

29.  Hyolithcs  centennialis  Barrett. 

30.  Tentaciilites  aciila  Hall. 

31.  Teniaculites  sp.  undet. 

32.  Dalmanites  dentatus  Barrett. 

33.  Homalonotus  vamixevii  Hall. 

34.  Beyrichia  sp.  undet. 

Aside  from  the  trilobite  remains  the  most  abundant  and  char- 
acteristic species  of  this  zone  are  Rensseheria  rnutabilis  and  the 
imdetennined  species  of  Chonostrophia,  The  specimens  of 
Rcnsselcrria  are  much  larger  than  those  figured  by  Hall  in  the 
Paleontology'  of  New  York,  volume  HI,  but  in  volume  VHI  of 
the  same  work  larger  specimens  of  the  same  species  have  been 
illustrated  which  correspond  more  nearly  with  the  specimens 
from  New  Jersey.  The  species  of  Chonostrophia  is  probably  an 
undescribed  one.  It  resembles  C.  complanata^  but  is  always 
smaller  and  is  marked  by  finer  radiating  costae. 

These  trilobite  beds  can  be  traced  throughout  nearly  the 
entire  length  of  the  Walpack  ridge  in  New  Jersey,  but  are  less 
easily  distinguished  toward  the  southern  part  of  the  region.  At 
Peter's  Valley,  opposite  the  residence  of  Mrs.  Coss,  the  highly 
fossiliferous  calcareous  beds  at  the  summit  of  the  fonnation  are 
well  exposed,  and  the  following  species  have  been  identified 
from  that  locality : 

1.  Schizocrania  supcrmcreta  Barrett. 

2.  Pholidops  sp.  undet. 

3.  Stropheodonta  viagnijica  Hall. 

4.  Stropheodonta  sp.  undet. 

5.  Leptccna  rhomboidalis  (Wilck.). 

6.  Anoplia  iincleata  Hall. 

7.  Dalmanclla  sitbcarinata  Hall. 

8.  Chonostrophia  sp.  undet. 

9.  Rcnsselcoia  viutabilis  Hall. 
10.  Spirifer  arrectns  Hall. 
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11.  Cyrtina  rostra  fa  Hall. 

12.  Meristella  princeps  Hall.  ? 

13.  Pterinea  textilis  (Hall). 

14.  Dalmaiiites  dentatiis  Barrett. 

15.  Lcperditia?  sp.  undet. 

South  of  Walpack  Center  these  calcareous  beds  are  again 
exposed  and  have  afforded  the  following  species  of  fossils : 

1.  Dalmanella  subcarinata  Hall. 

2.  Rhyniclwnella  sp.  undet. 

3.  Rensselaeria  mutahilis  Hall. 

4.  Mcgambonia  bellistriaia  Hall  ?  (small  form). 

5.  Orthoceras  sp.  undet. 

6.  Dalma7iites  dentatus  Barrett. 

7.  Himialonotus  vanuxcmi  Hall. 

ORISKANY    BEDS. 

Spirifer  ar rectus  zoic.  The  Oriskany  formation  in  New  Jersey 
is  constituted  of  two  sharply  differentiated  members,  a  more  or 
less  siliceous  limestone  which  is  often  somewhat  shaly,  and  a 
well-defined  sandstone.  In  the  northern  portion  of  the  district 
the  sandstone  is  not  represented,  but  near  Peter^'s  Valley  it  makes 
its  first  appearance  at  the  top  of  the  formation  as  a  whole,  over- 
lying the  siliceous  limestone  beds.  The  fauna  of  both  the  lime- 
stone and  the  sandstone  beds  is  approximately  the  same,  although 
the  fossils  in  the  sandstone  are  less  perfectly  preserved  and  are 
less  abundant. 

In  the  Ncarpass  section,  at  a  point  about  one-half  mile  north 
of  the  Nearpass  quarry,  the  following  species  have  been  identi- 
fied from  the  siliceous  limestone  : 

1.  Strophcodonta  fiiagni/ua  Hall. 

2.  I\atoiiia  pcculiaris  (Con.). 

3.  Spirifcr  arrcctus  Hall. 

4.  Cyrtina  rostrata  Hall. 

5.  Meristella  lata  Hall. 

6.  Pteriuea  textilis  var.  arenaria  (Hall). 

7.  Platyostonia  7eiitrieosa  Con. 
S.  Palffiafiites  sj).  undet. 
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On  the  road  leading  from  Layton  to  Dinginan's  Ferry  a  highly 
fossiliferoiis  outcrop  of  the  impxire,  cherty,  limestone  beds  of  the 
Oriskany,  is  exposed,  and  has  afforded  the  following  species  of 
fossils : 

1.  Stropheodonta  magnijica  Hall. 

2.  Leptccna  rhomboidalis  var.  vcntricosa  Hall. 

3.  RhipidomcUa  sp.  xindet. 

4.  Anoplia  niicleata  Hall. 

5.  Clionostropliia  complajiata  Hall. 

6.  Spirifcr  ar rectus  Hall. 

7.  Spirifcr  arcnosus  (Con.). 

8.  Cyrtina  rostrata  Hall. 

9.  Metaplasia  pyxidata  Hall. 

10.  Anoplotheca  Jiabcllites  (Con.). 

11.  Mcristclla  lata  Hall. 

12.  Ptcrinca  text  His  var.  arenaria  (Hall). 

13.  Platyostoma  vcntricosa  Con. 

14.  Dalmanites  sp.  iindet. 

At  Peter's  Valley,  on  the  hill  opposite  the  residence  of  Mrs. 
Coss,  weathered  masses  of  the  siliceous  Oriskany  limestone  are 
strewn  over  the  surface,  and  the  hill  itself  is  doubtless  consti- 
tuted of  this  rock.  Some  of  these  loose  masses  of  rock  are 
highly  fosvsiliferous,  and  the  following  species  have  been 
identified : 

1.  EdriocriuHs  sa  ecu  I  us  Hall. 

2.  Stropheodonta  magnijica  Hall. 

3.  Leptcrna  rhomboidalis  var.  7'entricosa  Hall. 

4.  Pholidops  ovata  Hall. 

5.  Hipparionyx  proximus  Van. 

6.  Chonostrophia  complanata  Hall. 

7.  Eaton  i a  peculiar  is  (Con.). 

8.  Spirifcr  ar  rectus  Hall. 

9.  Spirifcr  arcnosus  (Con.). 

10.  Spirifcr  tribulis  Hall. 

11.  Anoplotheca  fabellites  (Con.). 

12.  Mcristclla  lata  Hall. 

13.  Mcgamlwnia  bellistriata  Hall. 

14.  Platyostoma  vcntricosa  Con. 
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15.  Platyceras  tortiiosum  Hall. 

16.  Tentaculites  eiongatus  Hall. 

Near  Peter's  Valley  the  sandstone  member  of  the  Oriskany 
formation  makes  its  appearance  lying  above  the  siliceous  lime- 
stone beds,  and  from  this  point  soxith  its  outcrop  is  more  or  less 
continiioxis.  Fossils  are  poorly  preserved  in  these  sandstone 
beds,  but  those  that  have  been  observ-ed  are  always  identical 
with  species  which  have  been  recognized  in  the  calcareous  beds 
below,  althoxigh  not  nearly  so  many  species  have  been  collected 
from  the  sandstone  as  from  the  siliceous  limestone  beds. 

At  a  locality  jxist  below  Walpack  Center  the  following  species 
were  collected  from  the  Oriskany  sandstone : 

1.  Ij^ptcena  rhomboid alis  var.  ventricosa  Hall. 

2.  Spirifer  arrectns  Hall. 

3.  Anoplotheca  flabellites  (Con.). 

4.  Mcristella  lata  Hall. 


PCSOPUS  GRIT. 

This  is  the  formation  which  has  xisxially  been  known  in  the 
past  as  the  "  Caxida-galli  grit,'*  bxit  for  which  the  members  of 
the  New  York  Geological  sxirvey  have  adopted  the  name  Esopus 
grit.*  It  is  one  of  the  most  persistent  formations  in  the  region 
xmder  discxxssion,  and  forms  the  crest  of  the  Walpack  ridge 
throxighout  the  greater  part  of  its  entire  length.  It  is  a  gray  or 
nearly  black  gritty  rock  in  which  cleavage  is  freqxiently  devel- 
oped to  a  high  degree.  When  the  cleavage  is  not  too  strongly 
developed,  the  fiicoid  '^  cauda-galli ''  markings  are  frequently 
abundant  along  the  bedding  planes,  bxit  other  fossils  are  almost 
entirely  absent,  a  single  specimen  of  Liuirula  from  near  Flat- 
brook  ville  being  the  only  one  which  has  been  foxind. 

In  the  report  on  Pike  and  Monroe  coxinties,  Pennsylvania, 
I.  C.  Whitet  mentions  the  presence  of  fossil  brachiopods,  in  this 
formation,  but  a  careful  search  in  New  Jersey  has  failed  to  bring 
to  light  any  other  than  the  one  specimen  already  mentioned.     It 

*i3th  Ann.   Rep.  N.   Y.  State  Geol.,   Vol.   I,  p.  309;  47th  Rep.  N.  Y.  State  Musenm,  p.  403; 
Science,  N.  S.,  Vol.  X,  No.  259,  pp.  874-878. 
t2d  Geol.  Surv.  Penn.,  Rep.  G6,  p.  122. 
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is  possible  that  the  fossils  mentioned  by  White  were  from  the 
shaly  beds  at  the  base  of  the  sxiperjacent  Onondaga  limestone> 
as  these  beds  freqxiently  resemble,  in  a  measure,  some  of  the 
beds  of  the  Esopxis  grit,  and  they  are  nsiially  more  or  less  fossilif- 
erous. 

ONONDAGA   LIMESTONE. 

The  Onondaga  limestone  lies  above  the  Esopus  grit,  and 
covers  the  greater  portion  of  the  northwestern  slope  of  the 
Walpack  ridge.  Towards  its  base  this  formation  is  somewhat 
shaly,  and  sometimes  has  a  slight  resemblance  to  the  xipper 
beds  of  the  Esopxis  slate.  These  shaly  beds,  however,  soon 
pass  xipward  into  the  limestone.  The  limestone  is  a  hard,  regxi- 
larly  bedded  rock,  the  beds  ranging  from  three  inches  to  a  foot 
in  thickness.  Some  of  the  beds  contain  large  qxiantities  of 
chert  w^hich  gives  to  their  weathered  sxxrfaces  an  extremely 
roxigh  and  jagged  appearance. 

Fossils  are  not  abundant  in  this  formation,  and  those  that  are 
present  are  xxsxially  too  finnly  imbedded  in  the  matrix  to  be 
satisfactorily  stxidied.  Along  the  river  road  aboxxt  three  and 
one-half  miles  below  Tri-States,  New  York,  there  are  several 
oxitcropping  ledges  of  this  formation  from  which  the  following 
species  of  fossils  were  collected  : 

1.  Stropheodofita  sp.  xmdet. 

2.  Atrypa  reticularis  (Linn.). 

3.  Loxoncma  sp.  xindet. 

In  a  field  west  of  Peter's  Valley  there  are  some  good  exposxires 
of  the  Onondaga  limestone  in  which  some  fossils  were  observed  ; 
bxit  aside  from  nximeroxis  corals  too  finnlv  imbedded  to  be  col- 
lected  and  some  crinoid  stems,  the  only  species  recognized  was 
Leptcena  rhomboidalis  (Wilck.). 

One  of  the  best  fossiliferoxxs  localities  of  the  Onondaga  lime- 
stone which  has  been  observed  is  along  the  river  road  aboxxt  one 
and  one-half  miles  soxithwest  of  Peter's  Vallev.  From  this 
place  the  following  species  have  been  identified  : 

1.  Stropheodonta  perplana  (Con.). 

2.  Rhipidomella  vamixemi  Hall.  ? 
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3.  Cho7ietes  arciiatus  Hall.  ? 

4.  A  try  pa  reticularis  (Linn.) 

5.  Reticularia  Jimbriata  (Con.). 

6.  Anoplothcca  Camilla  (Hall). 

7.  Fenestella?  sp.  undet. 

Another  locality  where  several  species  of  fossils  were  secured 
from  the  Onondago  limestone,  is  along  the  river  road  about  four 
miles  above  Flatbrookville.  From  this  place  the  following 
species  have  been  identified  : 

1.  Zaphrentis  sp.  undet. 

2.  Lingiila  sp.  undet. 

3.  Leptcena  rhomboidalis  (Wilck.). 

4.  Orthothctes  pandora  (Bill.). 

5.  Spirifer  z'aricosus  Hall.  ? 

6.  Anoplothcca  Camilla  (Hall). 

7.  Capiilns  sp.  imdet. 

Along  the  river  bank  aboxit  two  miles  north  of  Flatbrookville 
the  following  species  w^ere  collected  : 

1.  Anoplothcca  acutiplicata  (Con.). 

2.  Orthothctes  sp.  xuidet. 

In  the  shaley  beds  at  the  base  of  the  Onondaga  limestone 
fossils  are  sometimes  present,  and  in  the  side  of  the  river  road 
about  one  mile  north  of  Flatbrookville  several  specimens  of 
Anoplothcca  acutiplicata  w^re  collected  from  this  portion  of  the 
formation. 


Descriptions  of  Cambrian  Trilobites  from  New^ 

Jersey,  with  Notes  on  the  Age  of  the 

Magnesian  Limestone  Series* 


By  STUART  WELLER. 


Cambrian  Trilobites  have  been  recognized  in  New  Jersey  at 
two  distinct  horizons,  (i)  in  the  qiiartzite  near  Franklin  Fnr- 
nace,  between  the  crystalline  pre-cambrian  rocks  and  the  blue 
niagnesian  limestones,  and  (2)  in  the  bine  magnesian  limestone 
at  Carpentersville  on  the  Delaware  river  about  six  miles  below 
Phillipsbnrg. 

In  the  first  of  these  localities,  trilobites  belonging  to  the 
genns  Olenelliis  occur  in  an  exceedingly  hard,  bhiish,  calcareo- 
siliceons  bed,  which  has  been  traced  by  its  weathered  fragments 
on  the  surface,  from  Hardistonville  on  the  north  to  some  dis- 
tance south  of  Franklin  Furnace.  This  same  bed  has  been 
noticed  again  north  of  Andover.  The  actnal  thickness  of  this 
fossiliferons  bed  has  not  been  observed,  bnt  it  cannot  te  more 
than  a  ver>'  few  feet.  The  trilobites  can  l3e  recognized  onh-  in 
the  weathered  portion  of  the  rock,  from  which  the  calcareous 
matter  has  been  dissolved.  This  weathered  rock  is  of  a  deep 
brown  color,  arenaceous  and  friable,  and  it  splits  along  the 
planes  where  the  trilobite  tests  have  been  removed  by  solution 
during  the  process  of  weathering.  A  careful  search  in  the  fresh, 
unaffected  portion  of  the  rock  failed  to  disclose  any  sign  of  fossil 
remains,  but  that  they  arc  really  present  in  abundance  is  shown 
by  their  frequency  in  the  weathered  portions. 

The  Hardistonville  Quartzite,  as  it  has  been  named  by  Wolff 
and  Brooks*  in  the  region  of  Franklin  Furnace,  has  been  known 
to  contain  the  remains  of  trilobites  of  the  genus  Olciicllus^  for 
some  time.     They  were  first  discovered  by  Beecher,t  who  made 
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an  examination  of  the  rocks  for  fossils  in  connection  with 
Nason's  studies  of  the  white  crsstalline  limestone  at  Franklin 
Furnace.  Later,  Foerste*  found  numerous  fossil  localities  during 
his  studies  with  Wolff,  for  the  United  States  Geological  Survey. 
The  accompanying  illustrations,  however,  are  the  first  figures 
that  have  been  pxiblished  of  these  New  Jersey  specimens  of 
Olenclliis, 

The  second  locality,  in  the  magnesian  limestone  at  Carpen- 
tersville,  has  not  hitherto  been  recognized  ;  in  fact,  no  trilobites 
have  previoxisly  been  recorded  from  this  magnesian  limestone 
series  in  New  Jersev.  The  localitv  where  the  fossils  occur  is  in 
Robinson  Brothers'  quany  south  of  the  village  of  Carpenters- 
ville.  In  this  quarry  the  strata  dip  to  the  northwest  at  an  angle 
of  from  65°  to  70°,  with  the  strike  N.  60°  E.  Most  of  the 
fossils  were  foxmd  in  the  quarried  stone  at  the  north  end  of  the 
quarr}',  but  a  careful  search  located  the  fossils  /;/  situ  in  the  upper 
part  of  the  north  end  of  the  quarry,  in  a  bed  which,  if  con- 
tinued, would  pass  about  ten  or  twelve  feet  north  of  the  north- 
ernmost of  the  three  kilns  by  the  railroad  track.  The  speci- 
mens are  apparently  all  of  a  single,  small  and  somewhat  varia- 
ble species  which  is  referred  to  the  somewhat  doxibtfully  valid 
genus  Lios/racus,  The  only  other  American  species  which  have 
been  placed  in  this  genxis  have  been  described  from  the  middle 
Cambrian  of  New  Brunswick,  and  althoxigh  the  species  from 
Carpentersville  is  not  closely  allied  to  any  of  those  previously 
recognized,  it  will  perhaps  be  safe  to  refer  the  beds  containing 
it  to  the  middle  Cambrian. 

The  Hardistonville  quartzite,  with  its  Olenelhis  faxina,  is  refer- 
able to  the  lower  Cambrian,  and  similar  qxiartzite  having  the 
same  position  between  the  magnesian  limestone  and  the  cr\-stal- 
liue  rocks  occxirs  at  frequent  intervals  and  is  perhaps  continxi- 
oxxs  throxighoxit  the  whole  length  of  the  paleozoic  area  in  New 
Jersey.  Below  Carpentersville  no  actual  outcrop  of  this  qxiartz- 
ite was  observed  Ixftween  the  fossil  locality  in  the  magnesian 
limestone  and  the  crystalline  rocks;  it  may  be  present,  how- 
ever, covered  with  drift.  The  actual  position  of  the  fossil  bear- 
ing bed  at  Carpentersville,  within  the  limestone  series,  was  not 
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definitely  fixed,  although  it  is  probably  somewhere  in  the  lower 
third  of  the  entire  series. 

If  the  lower  portion  of  the  magnesian  limestone  series  be 
middle  Cambrian,  as  the  fossils  seem  to  indicate,  the  age  of  the 
higher  beds  still  remains  to  be  determined.  Lying  on  top  of 
the  magnesian  limestones  at  many  localities  in  New  Jersey  is 
a  thin  bed  of  highly  fossiliferous  limestone,  free  from  magnesia, 
whose  age  as  indicated  by  the  fossils  is  Trenton.  This  fixes  the 
age  of  the  iippennost  magnesian  limestone  beds  as  at  least  pre- 
Trenton.  This  Trenton  limestone  has  usually  been  considered 
as  directly  continuoxis  with  the  subjacent  beds,  but  there  is 
always  present  in  the  basal  portion  of  the  fonnation,  where  it 
can  be  observ^ed,  a  conglomerate  bed  in  which  the  pebbles  are  of 
the  subjacent  magnesian  limestone  and  the  matrix  is  the  purer 
Trenton  limestone.  This  conglomerate  bed  is  best  exposed  east 
of  Branchville,  but  it  was  also  noticed  near  Belvidere,  near 
Andover,  and  near  Newton.  The  presence  of  this  conglomerate 
bed  at  the  base  of  the  Trenton  limestone,  indicates  that  there 
must  have  been  a  time  hiatxis  between  the  deposition  of  the 
magnesian  and  the  Trenton  limestones.  In  order  to  determine 
the  length  of  this  time  interval  it  will  be  necessar}'  to  secure 
fossils  from  the  uppermost  beds  of  the  magnesian  limestone. 
Until  such  evidence  can  be  secxired,  however,  considering  the 
fact  that  the  only  fossils  as  yet  foxind  in  the  magnesian  limestone 
are  of  Cambrian  age,  it  seems  best  to  consider  the  entire  series 
as  Cambrian,  allowing  the  lower  Ordovician  time  to  be  repre- 
sented by  the  time  inter\'al  which  elapsed  between  the  deposi- 
tion of  the  magnesian  and  the  Trenton  limestones.  This  inter- 
pretation must  be  held  as  a  tentative  one,  however,  sxibject  to 
corroboration  by  the  discover}*  of  Cambrian  fossils  in  the  upper 
strata  of  the  magnesian  limestone. 

Description  of  Species. 

Olenellus  thonipsoui  (Hall)? 
(Plate  I,  Figs.  9-10.) 

Head,  without  the  genal  spines,  subscniicircular  in  outline. 
Glabella   elongate    with    subparallcl    sides,    depressed   convex, 
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marked  by  four  pairs  of  fxirrows  of  which  the  anterior  pair  is 
situated  about  two-fifths  the  length  of  the  glabella  from  the 
anterior  end  and  the  others  arranged  about  equidistant  from 
each  other,  the  posterior  pair  usually  the  most  pronounced. 
The  eye-lobes  level  with  the  glabella  and  separated  from  it  by 
rather  broad  furrow^s,  their  anterior  extremities  opposite  the 
anterior  pair  of  glabella  furrows.  Eyes  elongate,  reaching 
nearly  to  the  posterior  margin  of  the  head,  narrowly  crescentic 
in  outline.  Cheeks  sloping  away  from  the  glabella  and  eyes  to 
the  lateral  and  anterior  margins,  with  a  gentle  convexity  at  first, 
bxit  becoming  slightly  concave  near  the  margin.  The  margins 
bordered  by  a  narrow,  scarcely  elevated  rim.  The  head  alone  of 
this  species  has  been  observed  in  New  Jersey. 

Remarks. — For  a  complete  discussion  of  the  members  of  this 
genxis,  with  bibliography,  reference  is  made  to  Walcott^s  Bxil- 
letin  No.  30,  U.  S.  Geological  Sxirvey,  and  to  the  loth  Annual 
Report  of  the  U.  S.  Geological  Survey. 

From  the  head  alone  it  is  difficxilt  to  identify  the  species  of 
this  genxis  with  entire  certainty,  bxxt  the  New  Jersey  specimens 
seem  to  agree  most  closely  with  the  typical  species  of  the  genus, 
Olcnellus  thompsoni.  All  the  species  of  Olenellus  and  the  allied 
genera  or  subgenera  Holmia  and  Alesouacis^  are  remarkable  be- 
caxise  of  the  apparent  absence  of  facial  sxitxires  upon  the 
dorsal  side  of  the  head.  This  characteristic  is  well  shown  in 
the  New  Jersey  specimens.  The  heads  are  either  complete  as 
in  Fig.  10,  with  no  indication  whatever  of  facial  sutxires,  or  if 
the  outer  portions  of  the  cheeks  are  detached  they  are  always 
broken  along  irregular  lines  as  in  Fig.  9,  being  ver}-  different  in 
this  respect  from  trilobites  in  general,  whose  detached  cheeks 
are  separated  from  the  cranidium  along  definite  lines.  Holmes* 
study  of  the  Scandinavian  species,  O.  Holmia  >  kjcrulji^  indicates 
that  that  species  does  possess  a  trxie  facial  sxiture  along  the 
doubhire  on  the  ventral  side  of  the  head.  Beecher*  has  recentlv 
made  the  character  of  a  marginal  or  ventral  facial  sxiture  the 
chief  characteristic  of  tlie  order  Hypoparia  in  his  admirable 
chissification  of  tlie  trilobites,  and  O/cficl/its  {x\u\  its  allies  should, 
on  this  basis,  be  included  in  this  order  rather  than  in  the  order 
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Opisthoparia,  in  the  same  family  with  Paradoxides,  Walcott* 
suggests  a  family  separation  of  Olencllus  and  its  allies  from 
Paradoxides  under  the  family  name  Mesonacidiae,  but  the  sepa- 
ration seems  to  be  of  even  more  than  family  importance.  If  the 
Mesonacidiae  be  considered  as  a  family  of  the  Hypoparia  they 
differ  conspicuously  from  other  members  of  that  order  in  the 
remarkable  development  of  their  eyes,  but  these  eyes  of  Olenellus^ 
under  this  interpretation,  cannot  be  considered  as  analogous  to 
the  eyes  of  other  trilobites,  which  are  always  borne  upon  the 
free  cheeks. 

Liostraais  f  jcrseycnsis  n.  sp, 
(Plate  I,  Figs.  1-8.) 

Species  known  by  the  cranidium  and  pygidium  alone.  Crani- 
dium,  exclusive  of  the  lateral  angular  extensions  of  the  posterior 
margin,  and  the  posterior  spine  of  the  occipital  ring,  longitudin- 
ally semi-ellipitical  in  outline.  Glabella  large  and  prominent, 
longer  than  wide,  sxib-qxiadrangular  or  sxib-elliptical  in  oxitline, 
marked  by  two  pairs  of  faint  fxirrows,  of  which  the  anterior  pair 
are  transverse  in  their  direction,  each  one  extending  to  aboxit 
one-third  the  width  of  the  glabella,  sometimes  nearly  or  qxxite 
obsolete  ;  the  posterior  pair  always  present,  althoxigh  sometimes 
nearly  obsolete,  arching  backwards  towards  the  occipital  furrow. 
Occipital  ring  separated  from  the  glabella  by  a  deep  and  rather 
wide  occipital  fixrrow,  extended  posteriorly  in  a  broadly  triangxi- 
lar  spine  which  is  slightly  attenxiate  towards  the  extremity. 
Fixed  cheeks  somewhat  convex,  bending  downward  to  the  lateral 
margins ;  the  anterior  margin  of  the  head  bending  upward  and 
fonning  a  rather  conspicuoxis  elevated  rim  in  front.  Facial 
sxitures  slightly  cxirved  inward  anteriorly  and  bending  oxitward 
posteriorly  to  the  posterior  margin,  their  direction  being  some- 
what sigmoidal.  No  free  cheeks  have  been  recognized  and  the 
position  of  the  eyes  is  not  definitely  shown  on  the  margin  of 
the  fixed  cheeks,  but  they  are  apparently  nearly  opposite  the 
anterior  furrows  of  the  glabella. 

Pygidixim  small,  mixch  broader  than  long,  obtixsely  sub- 
angxilar  at  the  posterior  extremity  ;  axis  prominent  and  strongly 
convex,  consisting  of  fiv^e  segments,  with  indications  of  a  sixth 
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one  posteriorly,  its  posterior  extremity  abniptly  rounded  and 
reaching  to  the  posterior  margin  of  the  pygidixim ;  plurae  nearly 
flat,  with  a  slight  marginal  groove,  consisting  of  five  segments. 

Remarks. — The  genus  Liostracus  is  closely  allied  to  Ptycho- 
paria^  and  has  not  always  been  considered  as  distinct  by  Amer- 
ican paleontologists.  In  his  list  of  paleozoic  fossils  Miller* 
records  the  following  six  species  of  the  genus,  besides  four  vari- 
eties :  L,  aurora  Hartt,  L,  liniiarsoni  Brog.,  L,  neglcctus  Hartt, 
L,  ono7igondia7ius  Hartt,  Z.  quadratus  Hartt,  and  L,  tener  Hartt, 
all  from  the  Cambrian  strata  of  New  Brunswick.  Walcottt 
refers  all  these  species  except  Itnnarsoni^  which  he  does  not  notice, 
to  the  genus  Ptychoparia.  Matthew,J  in  his  studies  of  the  New 
Brunswick  Cambrian  faunas,  refers  linnarsoni  to  Ptychoparia^ 
bxit  retains  onongofidianiis  and  tener  in  the  genus  Liostracus^  the 
chief  generic  characters  recognized  being  the  absence  of  genal 
spines,  the  faint  glabella  furrows,  and  the  small  nximber  of  seg- 
ments in  the  pygidium.  If  the  genus  Liostracus^  based  upon  the 
characters  enximerated  by  Matthew,  is  really  valid,  then  the  New- 
Jersey  specimens  here  described  shoxxld  probably  be  included  in  it. 
The  presence  or  absence  of  genal  spines,  howev^er,  cannot  be 
determined  because  the  free  cheeks  have  not  been  obserxxd,  but 
the  faintness  of  the  glabella  furrows  is  a  conspicxioxis  character 
in  all  the*  specimens,  and  the  pygidixim  contains  bxit  few 
segments. 

The  specimens  referred  to  this  species  exhibit  considerable 
variation,  especially  in  the  form  of  the  glabella,  as  is  indicated 
by  the  accompanying  figxires,  but  they  do  not  seem  to  represent 
distinct  species. 

*North  Am.  Geol.  and  Pal.,  p.  555. 

fBull.  U.  S.  Geol.  Surv.,  No.  10. 

tTrans.  Roy.  Soc.  Can.,  1887,  pp.  133-152. 
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Explanation  of  Plate  L 

Figs.    1-8.  Liostracusf  jerseyensis  n.  sp.     All  enlarged  5  diameters. 

Figs.  1-2.  Dorsal  view  and  profile  in  outline,  of  the  largest  specimen  ob- 
served, showing  the  subquadrangular  glabella  and  the 
obsolete  anterior  glabella  furrows. 

Figs.    3-4.  Dorsal  view  and  profile  in  outline,  of  a  smaller  specimen  with 

elliptical  glabella  and  one  entire  fixed  cheek. 

Figs.    5-6.  Dorsal  view  and  profile  in  outline,  of  a  specimen  retaining  the 

spine  of  the  occipital  ring. 

Figs.    7-8.  Dorsal  \  iew  and  cross-section  of  a  pygidium. 

Figs.  9-10.  Olenellus  thompsoni  (Hall)  ?    Natural  size. 

Fig.         9.  Imperfect  head  of  the  largest  individual  observed. 

Fig.        10.  A  perfect  head  of  average  dimensions. 
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Artesian  Wells* 


outline: 

INTRODUCTION. 

L  WcUs  in  Southern  New  Jersey^ 

Sec  i* — "Wells  in  Gretaceous  Strata* 

At  Hancock's  Bridge. 

At  Pennsville.     Two  wells. 

At  Perkintown  Station.     One  mile  east  of. 

At  Perkintown  Station.     One  and  one  half  miles  east  of. 

At  Pedricktown. 

At  Mickleton.     Four  miles  west  of. 

At  Mickleton.     Northeast  of. 

At  Laurel  Springs. 

At  Westville. 

At  Camden.     17th  and  Stevens  streets. 

At  Pensauken. 

At  Colestown. 

At  Marlton.     Northeast  of. 

At  Marlton.     Southeast  of. 

At  Milford 

At  Riverton. 

At  Burlington.    Three  wells. 

At  Smithville. 

At  Columbus. 

At  Lake  wood.     Two  wells. 

At  West  Asbury  Park. 

At  Seabright 

At  Port  Monmouth. 

At  Rumson  Bluff. 

At  Little  Silver. 

At  Babylon,  N.  Y. 

At  Woodside.  N.  Y. 

At  Kennedyville,  Md. 

At  Centreville,  Md. 

At  Chesapeake  Beach,  Md. 
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.,   ,  ,  ,    (  These  two  wells  niaj*  draw  from  horizons 

At  Tilghraan-s  Island,  Md.  )     above  the  Cretaceous,  the  one  at  Taylor's 
At  Taylor's  Island,  Md.        |     j^,^^^  possibly  above  the  Eocene. 
At  Norfolk,  Va.     Lambert's  Point,  north  of. 
At  Norfolk,  Va.     Moore's  Bridges,  east  of. 
At  Severn  River,  Va. 


Sec*  2* — Wells  in  Miocene  Strata* 

At  Bridgeton. 

At  Cedarville. 

At  Greenbank/ 

At  Smith's  Landing.     County  Asylum 

At  Atlantic  City  : 

At  the  Traj^more. 

At  the  Waldorf-Astoria. 

At  the  Gas  Works. 
At  Ocean  City. 
At  Sea  Isle  City. 
At  Mahon  River,  Del. 
At  Bowers  Beach,  Del. 
At  MadivSon.  Md. 
At  Del  mar,  Md. 
At  Salisbury,  Md. 
At  Pokomoke  City,  Md.     Two  records. 


Sec*  3* — Wells  in  Post  Miocene^  or  Surface  Strata* 

Philadelphia  Navy  Yard,  Pa. 

North  field. 

Absecon. 

Atlantic  City. 

Shinnecock  Hills,  L.  L,  N.  Y. 

Sciasconsett,  Nantucket  Island,  Mass. 

Laurel,  Del. 

Seaford,  Del. 


n*  Wells  in  Northern  New  Jersey. 

Sec*  J*~Bored  Wells  reported  by  Stotthoff  Bros. 

At  Iluntsvilk*.     Two  wells. 

At  Sparta. 

At  Bernanlsville.     Three  wells. 
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At  Flemington.     Two  wells. 

At  Readington. 

At  Three  Bridges. 

At  Liberty  Corners. 

At  Somerville. 

At  Goodman's  Crossing. 

At  May  wood      Two  wells. 

At  Trenton. 

At  Martinsville. 

At  Union. 

At  Linden. 

At  Elizabeth. 

At  Passaic.     Five  wells. 

At  New  Dorp.  Staten  Island,  N.  Y.     Two  wells. 

At  Burdette,  N.  Y. 

At  Woodside   Long  Island  N  Y. 

At  Whitestone,  Long  Island,  N.  Y. 

At  Fairfield,  Conn. 

At  Easton,  Pa. 

At  Bethlehem,  Pa. 

At  Rose  Glen,  Pa. 

At  Seigfried,  Pa. 

At  Yardley,  Pa.     Two  wells 


Sec*  2* — Bored  Wells  reported  by  P*  H*  &  J*  G)nlan* 

At  and  near  Summit.     Two  locations. 

At  Newark.     Two  wells. 

At  Harrison. 

At  Kearney. 

At  West  Orange. 

At  and  near  Passaic.     Five  locations 

At  Pompton. 

At  Rahway. 

At  Jersey  City. 

Oft  Shooter's  Island. 

In  New  York  Citv. 

At  Rockaway,  L.  I.,  N.  Y 


Sec*  3* —Wells  reported  by  The  Joseph  Dixon  G*ucible  Co. 
At  Jersey  City.     Two  wells. 
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ARTESIAN  WELLS. 

INTRODUCTION. 

We  present  for  this  year  records  and  geological  data  respect- 
ing well  borings,  first  in  Southern  New  Jersey  and  then  in 
Northern  New  Jersey.  With  the  former  we  also  include  some 
wells  at  a  few  points  beyond  the  State,  both  to  the  east  and  to 
the  south.  The  wells  bevond  the  State  are  introduced  because 
of  the  correlation  of  the  beds  penetrated  by  them  with  the  same 
beds  beneath  the  Southern  New  Jersey  coastal  plain. 

L  Wells  in  Southern  New  Jersey. 

The  records  of  wells  in  Southern  New  Jersey  naturally  fall 
into  three  heads,  under  which  we  treat  them  in  the  succeeding 
pages,  viz.  : 

1.  Wells  drawing  water-supply  from  Cretaceous  strata. 

2.  Wells  drawing  water-supply  from  Miocene  strata. 

3.  Wells  drawing  watef-supply  from  Post-Miocene  or  surface 

strata. 

The  wells  noted  to  the  eastward  of  the  State  are  on  Long 
Island,  with  one  exception  (a  well  on  Nantucket  Island),  and 
those  to  the  southward  are,  with  the  exception  of  two  wells 
near  Norfolk,  Va.,  on  the  Delaware-Maryland  peninsula,  which 
intervenes  between  the  Delaware  and  the  Chesapeake  bays. 

The  strata  penetrated  by  the  wells  to  the  eastward  and  south- 
ward are,  in  either  direction,  more  or  less  identical  with,  and  the 
continuation  of,  some  of  the  beds  on  the  coastal-plain  portion  of 
New  Jersey.  The  data  are  of  value  in  correlating  the  various 
geological  subdivisions  and  their  interl^edded  water-yielding 
horizons. 
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Sec*  I «— Wells  in  Oetaceous  Strata* 

ARTESIAN   WELL   AT   HANCOCK'S   BRIDGE,  AT   FOGG  &  HIRES' 

CANNING   FACTORY. 

Elevation,  5  (?)  feet ;  diameter,  4}^  inches  ;  depth,  58  feet. 
Water  rises  within  5  feet  of  the  surface 

Haines  Bros,  furnish  the  following  record  of  strata  penetrated 
in  a  well  bored  by  them  at  the  above  location : 

Made  ground, 5  feet  =   5  feet. 

Grayish-white  sand, 47    *'    =52 

Shells,  "6  inches,"  say, >^  foot. 

Sand i>^  feet  =  54 

Shells,  "10  inches,"  say, i  foot  =  55 

Sand,  say, 2  feet  =  57 

Shells,  •*  12  inches,"  say, i  foot  =  58 


If 

(( 
if 


This  well  was  cased  to  the  depth  of  52  feet  and  required  no 
casing  below  that  depth.  "An  elegant  supply  of  good  water " 
was  obtained. 

We  have  included  this  among  Cretaceous  wells,  but  it  may 
possibly  draw  from  a  somewhat  higher  horizon.  We  are  not 
infonned  as  to  the  character  of  the  shells  noted  in  the  three 
separate  but  ver>^  close  layers  near  the  bottom.  If  the  species 
were  known  they  would  doubtless  determine  the  geological  posi- 
tion of  the  beds. 


TWO   ARTESIAN   WELLS   AT   PENNSVILLE. 

Elevation,    10  feet ;  diameter  of  each,  3  inches  ;  depth  of  each,  33  feet. 

Water  rises  in  each  well  to  within  8  feet  of  the  surface. 

The  water  in  both  wells  rises  and  falls  8  inches  with  the  tides. 

At  Pennsville,  also  for  Fogg  &  Hires,  Haines  Bros,  have  bored 
a  well  to  the  depth  of  33  feet,  of  which  they  furnish  this  record  : 

Clay, 10  feet  =  10  feet. 

Grayish  sand, 23    "    =33     ** 

At  the  same  place  and  for  the  same  firm,  Haines  Bros,  have 
also  bored  to  the  same  depth  {t,t,  feet)  a  second  well,  this  time  on 
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land  where  quite  recently  the  river  flowed,  that  is,  since  the 
settlement  of  the  region  by  the  white  man.  In  this  well  the 
material  is  described  as  **sand  all  the  way  down.'' 

In  both  these  wells  Haines  Bros,  note  that  **  the  water  rises  to 
within  eight  feet  of  the  surface  and  also  rises  and  falls  eight 
inches  with  the  tides." 

These  wells  are  evidently  supplied  with  filtered  river  water. 

ARTESIAN   WELL,  ONE  AND  ONE-HALF  MILES   EAST  OF   PERKIX- 
TOWN   STATION,    DELAWARE   RIVER   R.    R. 

Elevation,  15  (?)  feet  ;  diameter,  3  inches  ;  depth,  115  feet. 
Water  rises  to  within  14  feet  of  the  surface. 

From  Haines  Bros,  we  have  learned  the  following  respecting 
a  well  bored  by  them  for  Thomas  Berry,  on  a  farm  between 
Auburn  and  Perkintown  Station,  the  last-named  place  being  on 
the  Delaware  River  Railroad.  The  well  has  a  depth  of  115  feet 
and  passed  through  the  following  strata : 

Clay 8  feet  =      8  feet. 

Marl, 37    -    =    45    -     Y 

Black  sand  mixed  with  slimy  marl,   .   .  45    •*    =    90    **      i  Mata 

Fine  gray  sand, 20    "    =  no    *' 

Coarse  sand 5    **    =115    " 

The  water  is  '*  clear  but  irony  and  there  is  plenty  of  it.'' 
This  well  was  pumped  r,ooo  gallons  per  hour.  The  supply  is 
probably  from  the  base  of  the  Woodbury-Wenonah  waCter-hori- 
zon,  as  defined  in  the  Annual  Report  for  1898  and  as  shown  on 
the  Artesian  Well  Section,  Plate  III,  of  that  report. 

ARTESIAN   WELL,   ONE    MILE   EAST    OF    PERKINTOWN   STATION. 

Elevation,  10  feet ;  diameter,  3  inches  ;  depth,  41  feet. 
Water  rises  to  within  8  feet  of  the  surface 

Haines  Bros,  have  also  drilled  a  well  for  ( reor<(e  Gaventa  about 
one-lialf  mile  west  of  tlic  last  well  reported  herein,  and  alx)Ut  one 
mile  east  of  Perkintown  vSlation.  This  well  was  bored  to  the 
depth  of  only  41  feet.  Haines  Bros,  say  the  material  passed 
throuj^i^li  was  ''  pure  white  sand  all  llie  way  to  tlie  lK)ttom,  where 
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the  sand  was  mixed  with  coarser  sand  and  gravel,"  in  which  some 
of  the  pebbles  are  described  as  being  as  large  as  hens'  eggs. 

This  well  furnishes  "  plenty  of  clear  water ''  and  was  tested 
by  pumping  1,200  gallons  per  hour.  The  supply  may  possibly 
be  from  the  Woodburs'-Wenonah  water-horizon. 

ARTESIAN   W^ELL,   THREE-FOURTHS    OF    A    MILE   SOUTHEAST    OF 

PEDRICKTOWN. 

Elevation,  30  feet ;  diameter,  2  inches  ;  depth  180  feet. 
Water  rises  to  within  30  feet  of  the  surface. 

Haines  Bros,  have  furnished  the  following  data,  which  we  copy 
verbatim,  respecting  a  well  bored  by  them  for  Ebenezer  Sparks 
at  a  point  about  three-fourths  of  a  mile  southeast  of  Pedricktown. 

Soil,  sand  and  loam, 2  feet  =     2  feet. 

Blue  clay 4  **  =     6  "  j^  Age  ? 

Marl, 39  "  =    45  "  \  Matawan. 

Iron-stone,  3  inches, "I 

Gray  sand, 8  **  =    53  *'  | 

Sand  with  white  plastic  clay 29  **  —    82  **  1- Raritan. 

Plastic  clay .20  **  =  102  *'  1 

Sand,  water-bearing, 10  "  =  112  "  J 

The  water-supply  is  just  below  the  base  of  the  clay  marl  or 
Matawan  division  and  from  the  upper  part  of  the  plastic  clay  or 
Raritan  division  of  the  Cretaceous. 

Subsequently  to  the  receipt  of  the  above  record  we  have 
learned  that  this  well  was  afterward  deepened  to  180  feet,  increas- 
ing the  amount  of  water  supplied.  We  are  not  informed  as  to 
character  or  succession  of  the  material  below  112  feet,  but  the 
continuation  was  doubtless  within  the  Raritan  beds. 

ARTESIAN   WELL   FOUR   MILF^  WEST   OF   MICKLETON. 

Elevation,  15  (?)  feet  ;  diameter,  3  inches  ;  depth,  43  feet 
Water  rises  within  14  feet  of  the  surface. 

From  Haines  Bros,  we  have  obtained  the  following  informa- 
tion respecting  a  well  bored  by  them  for  E.  (i.  Miller,  on  a 
fann  located  between  Asbur\'  Station  and  Gibbstown  and  about 
four  miles  west  of  Mickleton. 
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Soil,     2  feet  =    2  feet 

Clay, .  6    *'    =    8    •• 

Marl, 12    **    =20    " 

Fine  gray  sand 15    *'    =35    " 

Coarse  sand, 8    "    =43    " 


\ 


^  Matawan. 


This  well  was  cased  to  the  bottom.  The  w^ater  rises  within 
14  feet  of  the  surface  and  is  **soft  and  good."  The  well  was 
pumped  for  two  days  at  the  rate  of  1,200  gallons  ever>^  hour. 
The  supply  is  probably  drawn  from  the  Woodbury-Wenonah 
water-horizon. 


ARTESIAN  W^ELL,  ONE-HALF   MILE   NORTHEAST  OF  MICKLETON. 

Elevation,  50  feet ;  diameter,  3  inches  ;  depth,  183  feet 
Water  rises  within  45  feet  of  the  surface. 

For  Howard  Busby,  of  Philadelphia,  Haines  Bros,  have  bored 
a  well,  located  as  noted  above,  to  the  depth  of  183  feet.  Of  this 
they  have  furnished  the  following  description  of  strata,  which 
we  quote  verbatim : 

Loam, 3  feet,  =     3  feet. 

Clay 15    •'     =    18    *• 

Black  marl 20    "     =    38    *•     1 

Black  sand,  mixed  with  slime,  ....    20    "     =    58    *'      [Matawan 

Running  marl 115    '*     =  ^73    ''      1  Clay  Marls. 

White  sand  with  water, 10    **     =183    "     j 


We  are  informed  that  *'  the  water  rises  within  45  feet  of  the 
surface,^'  also  that  it  *Ms  soft,"  and  that  **  there  is  plenty  of  it.'' 
The  source  of  supply  is  probably  in  the  Woodbury-Wenonah 
water-liorizon. 


ARTKvSIAN   WELL   AT    LAUREL   SPRIXGvS. 

Klevation    80  (?)  feet;  diameter,  3  inches;   depth,  48  feet. 
Water  rises  within  iS  feet  of  the  surface. 

A  well  has  been  put  down  by  A.  (r.  Dunphcy  for  Col.  John 
A.  Wicdersheini  near  Laurel  vSpriuj^s  vStation,  on  the  Reading 
Railroad  Company's  route  to  Atlantic  City. 
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The  well  was  finished  at  the  depth  of  48  feet.  The  water 
rises  to  within  about  18  feet  of  the  surface,  which  has  an  eleva- 
tion of  about  80  feet. 

The  water-bearing  stratum  in  which  the  boring  stopped  is 
described  as  a  "pepper-and-salt  sand.'^ 


ARTESIAN  WELL  AT  WESTVILLE. 

Elevation,  14  feet ;  diameter,  6  inches;  depth.  241  feet 
Water  rises  within  1 1  feet  of  the  surface. 

In  the  Annual  Report  for  1897,  page  268,  there  are  noted  two 
wells  at  this  locality,  put  down  to  supply  the  town  with  water ; 
their  depths  are  respectively  112  and  114  feet.  The  well  now 
under  notice  was  put  down  the  present  year,  adjacent  to  the  two 
former  wells,  for  the  supply  of  the  same  water-plant,  but  to  a 
lower  horizon. 

The  former  wells  (1897)  draw  from  an  horizon  at  the  base  of 
the  Matawan  clay  marls ;  this  well  draws  from  a  still  lower 
stratum  which  is  quite  within  the  upper  portion  of  the  Raritan 
formation. 

Through  the  courteous  co-operation  of  the  American  Pipe  Co., 
contractors  for  the  water-plant,  and  of  Jos.'  W.  Pratt,  the  well- 
driller,  we  have  been  furnished  with  an  unusually  liberal  supply 
of  the  borings,  at  frequent  interv^als,  from  which  we  compile  the 
following  record : 


( < 


Surface  soil, o  feet  to     2  feet 

Coarse  yellow  gravel  with  large  pebbles,     2    **     "22 

Black  clay 22    "     **    46 

Bluish- white  coarse  gravel, 46    "     **    60 

Mixture  of  coarse  gravel  and  fine  sand, 

bluish- white  in  shade 60    '      **    75    ** 

Mixture  of  clay,  coarse  gravel  and  very 

large  pebbles, 5    **     "  113    *' 

Mixture  of  fine  sand  and  very  coarse 
gravel,  with  large  pebbles  and  cob- 
bles, containing  a  clay  streak  at  129 
feet.    First  Water-Horizon 113    •*     **  155 


t 


Pensauken. 


t< 


-  Matawan. 
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Streak  of  sticky  red  plastic  clay,  at  .   . 
Mixture  of  fine  sand,  coarse  gravel,  with 
a  little  clay,  the  whole  yellowish- 


155  feet. 


white  in  color, 


155  feet  to  170 


Solid  bed  of  red,  sandy,  plastic  clay,  .   .  170 
Decidedly  white,  coarse  gravel,  water- 
bearing.   Second  Water'Horizon^  .   .217 

Red  clay, 228 

Sand, 231 


<  < 


i( 


<  ( 


<i 


( < 


II 


(( 


( < 


217 


228 
231 
241 


I  < 


(I 


( ( 


<  < 


I  < 


-  Raritan 


J 


An  abundance  of  water  was  had  in  this  lower  sand,  but  it  was 
found  impracticable  to  free  it  from  the  red  color  contributed  by 
the  red  clay,  and  the  well  was  therefore  not  put  into  use. 


ARTESIAN  WELL   IN   CAMDEN    AT   SEVENTEENTH   AND  STEVENS 

STREETS. 


Depth,  81  feet. 

Water  rises  to  within  3  feet  6  inches  of  the  surface 

Was  pumped  250  gallons  a  minute. 

Hon.  George  Pfeiffer,  through  W.  H.  Boardman,  C.  E.,  fur- 
nishes the  following  record  of  a  well  put  down  by  him  at  the 
Keystone  Morocco  Works,  at  Seventeenth  and  Stevens  streets^ 
East  Camden  : 


i  i 


Thickness  Intervals  of 

of  Strata.  Depth. 

feet.     Surface  sand, o  to    3  feet. 

Sand, 3  ••     7    •* 

Coarse  sand, 7  "  11     ** 

"      II  *•  14 

Dark       "       14  "  20 

Coarse,  dirty  sand, 20  **  24 

Very  coarse  sand 24  *'  27 

•'         "       gravel, 27  "  31 

Light-yellow  clay, 31   "  39 

Fine  clayey  sand 39  *•  41 

Red  plastic  clay, 41  *•  59 

Red  and  white  clay, 59  **  61 

Fine  sand, 61   "  64 

Fine  white  sand, 64  *'  70 

Coarse  white  sand 1^  ''  11 

Coarse,  clean,  white  sand 73  "  <^i 

Black  clay  at 81 


3 

4 

4 

3 
6 

4 
3 
4 
8 

2 
18 

2 

3 
6 

3 

8 


1 4 


k* 


It 


1 1 


<  t 


<  t 


t« 


(( 


ii 
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This  well  was  finished  with  an  eighteen-foot  strainer,  whose 
base  rests  at  the  depth  of  81  feet.  "  The  well  was  pumped  250 
gallons  a  minute  on  r8-foot  draft." 


ARTESIAN   WELL   NEAR   PENSAUKEN. 

Elevation,  40  feet ;  diameter,  4  inches  ;  depth,  102  feet. 
Water  rises  within  about  41  feet  of  the  surface. 

A  four-inch  artesian  well  has  been  put  down  for  John  Collins 
by  A.  G.  Dunphey,  near  Pensauken  station,  northeast  of  Mer- 
chantville.  The  locality  has  an  elevation  of  about  forty  feet  and 
the  well  a  depth  of  102  feet.  The  well  is  nearly  on  the  line  of 
strike  (northeast  and  southwest)  with  the  wells  at  Jordantown, 
which  supply  Merchantville  with  water  and  which  are  about 
one  mile  to  the  northeast.  This  well  and  those  at  Jordantown 
both  draw  from  the  Raritan  group  of  water-horizons,  but  from 
higher  beds  within  that  formation  than  are  utilized  by  the  wells 
at  Morris  Station  for  the  supply  of  Camden.  In  the  sinking  of 
the  wells  at  Jordantown,  two  water-horizons  were  encountered, 
viz.,  at  58  to  78  feet,  and  at  128  to  140  feet,  but  the  upper  one 
was  there  cased  off  and  only  the  lower  one  used.  The  well  at 
Pensauken,  however,  was  not  prospected  so  far  as  the  lower 
horizon,  but  was  finished  in  the  upp^r  one. 

At  the  locality  of  this  well,  as  likewise  at  the  locality  of  the 
Jordantown  wells,  the  clay  marls  are  absent,  although  a  short 
distance  to  the  eastward  they  overlie  the  Raritan  formation.  In 
both  cases  the  quality  of  the  water  is  said  to  be  excellent,  and  is 
so  probably  because  of  this  fact.  The  water  obtained  from 
many  of  the  beds  within  the  Matawan  clay  marls  is  apt  to  be 
"irony'',  probably  from  the  presence  in  these  clays  of  iron  pyrites. 
Th-e  contamination  from  tliis  source  seems  to  be  sometimes  con- 
tributed by  seepage  therefrom  into  the  upper  portion  of  the 
underlying  Raritan  beds. 

From  an  excellent  series  of  samples  furnished  by  A.  G.  Dun- 
phey, and  taken  every  two  or  three  feet  as  the  drilling  progressed 
we  are  able  to  report  the  following  record  of  strata : 
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Orange-yellow  sand,  with  a  streak  of  iron 
stone  at  8  feet,  and  a  second  streak 

of  iron  stone  at  38  feet, 

Yellow  gravel  and  sand  with  large  peb- 
bles,      38 

White  gravel,  large  pebbles, 53 

White  fine  sandy  clay, 75 

Fine  yellowish  white  water 'dearin^^sahd,    83 


o  feet  to   38  feet 


.1 


Pensauken. 


(I 


*< 


li 


( t 


( < 


( i 
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53 

75 

83 
102 


t< 


( < 


it 


I  < 


.  Raritan. 
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ARTESIAN   WELL   NEAR  COLESTOWN. 

Elevation,  40  feet ;  diameter,  3  inches  ;  depth,  347  feet. 
Water  rises  within  24  feet  of  the  surface. 

W.  C.  Barr  has  put  down  a  well  on  the  fann  of  the  Sliaq^less 
Brothers,  near  Colestown,  of  which  he  has  furnished  the  follow- 
ing record : 


Top  soil  and  greenish  clay, 6 

Greenish-gray  quicksand,      12 

Black  clay, 100 

Green  clay 20 

Black  clay 12 

Green  clay, 10 

Water  bearing  loamy  sand i 

Chocolate  clay  stratum,  4  inches  thick 
White  sand  and  gravel  with   "irony" 

water, 130 

White  clay, 5 

Coarse  white  sand  with  *'  irony"  water,  10 

White  clay 8 

Fine  white  sand 6 

Red  clay, 10 

Coarse  sand  with  unsatisfactory  water,     6 

White  clay, 2 

White  sand  with  wood  (lignite) 7 

White  clay  and  large  boulders,     ....      2 


feet  =     6  feet 


-  18 

=  118 
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=  138 

- 150 
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CO 
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- 161 

" 
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—  296 
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-306 

-314 

—  320 
=  330 

i. 

Pi 

-^S6 

=  338 

—  345 

-347 

Tliis  well  has  not  yet  been  finished.  Excepting  the  water 
from  tlie  one-foot  stratum  at  i6c3  feet,  wliicli  is  said  to  l)e  good, 
all  the  water  found  i)rovcs  quite  ''  irony ""  and  unsiitisfactor\'. 
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ARTESIAN    WELL,   TWO   AND    ONE-HALF    MILES    NORTHEAST   OF 

MARLTON. 

Elevation.  65  feet  ;  diameter,  3  inches  ;  depth,  60  feet 
Water  rises  within  7  feet  of  the  surface. 

A.  G.  Dunphey  has  bored  a  well  on  the  property  of  Jacob  L. 
Evans,  situated  on  the  road  from  Evesboro  to  Medford  at  point 
about  two  and  one-half  miles  slightly  north  of  east  from  Marl- 
ton.  The  well  has  a  depth  of  60  feet.  It  is  about  one-fourth  of 
a  mile  northwest  of  a  bored  well  on  the  farm  of  Josiah  Ballen- 
ger,  on  ground  a  few  feet  higher,  and  which  has  a  depth  of  76 
feet,  as  noted  in  the  Annual  Report  of  1894,  page  210. 

From  specimens  of  the  borings  we  make  the  following  record  : 

Iron  rusty,  sandy  clay,  from  near  the  surface  to  ...    .  7  feet 

Greensand  marl   light  green  in  color, 7  feet  to  50    *  • 

Greensand,  dark,  olive  green. 50    *'     "54 

Olive-colored  sand,  with  comminuted  shell, 54    "     **  58 

Belemnites  at  58  feet. 

Water-bearing  sand 58    "     "60 


<  t 


t  < 
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The  water  rises  within  seven  feet  of  the  surface,  the  supply 
coming  from  the  Marlton  water-horizon,  as  designated  in  former 
annual  reports.  This  horizon  furnishes  most  of  the  wells  in  the 
region  about  Marlton.  The  well  for  the  town  supply,  however, 
taps  a  lower  water-bearing  bed,  viz.,  the  Cropwell  horizon,  which 
is  about  100  or  i  ro  feet  deeper. 

ARTESIAN   WELL   TWO   MILES   SOUTHEAST   OF   MARLTON. 

Elevation,  65  feet ;  diameter.  3  inches  ;  depth.  83  feet. 
Water  rises  within  9  feet  of  the  surface. 

A.  J.  Dunphey  has  put  down  a  well  for  Joseph  K.  Evans  at  a 
point  about  two  miles  southeast  of  Marlton  and  about  one-half 
mile  south  of  a  well  at  the  residence  of  the  late  Benjamin 
Cooper.  The  well  has  a  depth  of  eighty-three  feet.  This  bor- 
ing was  discontinued  in  sand  immediately  under  a  stratum  con- 
taining belemnites^  which  occurs  at  and  marks  the  division 
between  the  base  of  the  marl  series  and  the  top  of  the  Matawan 
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clay  marls.  No  specimens  were  preserv-ed,  but  the  record  of 
strata  would  doubtless  be  the  same  as  has  already  been  noted  in 
past  annual  reports  for  other  wells  near  by. 


ARTESIAN   WELL   AT   MILFORD. 

Elevation.  90  feet ;  diameter.  3  inches  ;  depth.  58  feet. 
Water  rises  within  6  feet  of  the  surface 

A  well  has  been  put  down  for  Adam  Olt  at  Milford.  From  A. 
G.  Dnnphey^  who  bored  it,  we  have  received  specimens  of  the 
borings,  from  which  we  make  the  following  record : 

Surface  soil o  feet  to   4  feet. 

Orange-yellow  gravel, 4    *'     **    7 

Fine  light  yellow  sand, 7    "     "  14 

Dark  micaceous  clay, 14    *'    **  40 

Olive-colored  sand,  containing  some  greensand  (glauco- 

nite),     ...       40    "    "  50 

Lime-sand,  contains   Bryozoa^  also  Echinus  plates  and 

spines 50    **    **  56 

Gray  sand,  consisting  of  white  quartz  and  greensand 

grains    resembles  a  mixture  of  pepper  and  salt, 

water-bearings 56    "     *'  58     '* 

This  well  is  supplied  from  the  Lindenwold  water-horizon, 
which  is  interbedded  within  the  limestone  layers  above  the 
middle  marl. 
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ARTESIAN   WELL,    ONE   AND   ONE-HALF    MILES   EAST 

OF    RIVERTON. 

Elevation,  80  feet  ;  depth,  117  feet. 
Water  rises  within  69  feet  of  the  surface. 

This  well  was  pnt  down  by  A.  (^.  Dnnphey,  who  furnishes  by 
letter  the  data  tabulated  above.  He  further  says  the  well  was 
finislied  at  the  base  with  a  ten-foot  strainer  and  has  Ixfcn  pumped 
15  orallons  a  minute  witliout  loweriui^  tlie  natural  level  of  the 
water.  He  also  slates  that  tlie  water  was  found  in  a  "  fine  free 
white  <^ravel  and  sand  mixture.'' 


THE  STATE  GEOLOGIST.  71 


TWO    BORED   WELLS    AT    BURLINGTON    FOR  H.     F.    POTTER^   TO 

SUPPLY   AN    ICE   PLANT. 

Depths,  58  and  71  feet. 

These  wells  were  bored  by  StotthofF  Bros.,  who  furnish  the 
following  record  : 

Record.  Well  No,  i.          Well  No.  2. 

Karth 6  feet.            6  feet 

Gray  quicksand,      37    **             5o    " 

Coarse  gray  sand,  with  water, 15"             ^5 


t< 


58  "       71 


i  ( 


Well  No.  I  produces  18  gallons  a  minute,  and  Well  No.  2  60 
gallons  a  minute.     These  wells  are  100  feet  apart,  but  are  on 


ground  of  the  same  level. 


ARTESIAN    BORING   AT   EAST   BURLINGTON. 
Elevation,  10  feet  ;  depth,  95  feet. 

Hon.  George  Pfeiffer,  contractor,  made  a  well-boring  near  the 
railroad  station  at  East  Burlington,  N.  J.,  the  purpose  being  to 
find  a  water-supply  for  the  intended  plant  of  a  prospective  ice 
manufacturing  company.  The  well  was  not  completed,  how- 
ever, as  the  enterprise  was  abandoned.  The  following  accurate 
record  of  strata  penetrated,  furnished  by  Wm.  H.  Boardman, 
C.  E.,  is  interesting  and  valuable  : 

Thickness  Intervals  of 

of  strata.  depths. 

6  feet  top  soil, o  to    6  feet. 

13  "     clayey  gravel, 6   '*   19 

6  "     coarse  gravel, 19    "  25 

7  **    coarse  red  sand 25     *  32 

4  "     fine  red  sand, 32    **  36 

14  **    coarse  white  sand 36   "  50 

12     **    fine  dark  sand, 50   "  62 

5  "     stiff  gray  clay, 62   *'  67 

18     '•     stiff  red  clay, 67    "  85 

5     *'     sandy  gray  clay 85    '*  90 

4     *'     slush  gray  sand,  ver>' little  water, 90   "  94 

I  foot  soft  [disintegrated]  micaceous  rock, 94    "  95 
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ARTESIAN   WELL   NO.    2,    AT  SMITHVILLE. 
Elevation,  20  feet ;  diameter,  6  (?)  inches  ;  depth,  no  feet. 

This  is  the  second  well  put  down  at  this  place  for  the  H.  B. 
Smith  Machine  Company.  The  former  one  was  noted  in  the 
Annual  Report  for  1897,  page  278.  The  present  well,  as  also 
the  former  one,  was  drilled  by  W.  C.  Barr,  who  furnishes  the 
subjoined  record  of  this  one,  which  he  states  differs  from  the 
previous  well  in  the  occurrence,  near  the  top,  of  an  8-foot  bed  of 
gray  sand  similar  to  that  of  the  first  water-bearing  sand  at 
Marlton,  which,  indeed,  it  probably  represents,  and  which  had 
evidently  been  eroded  from  the  place  where  the  other  well  was 
put  down,  although  the  wells  are  probably  not  more  than  100 
feet  apart.  The  location  of  these  wells  is  on  the  flood  plain  of 
Rancocas  creek. 

Made  ground 10  feet  =    10     feet. 

Gray  sand,  same  as  in  the  first  water-horizon  at 

Marlton 8  "  =    18 

Black  clay, 2  **  =    20 

Green  quicksand, •   •  35  **  =   55 

Black  clay, 55  **  =  no 

Water-bearing  sand  at no 


(C 

<« 
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At  the  base  of  this  well,  as  also  in  the  fonner  well,  there  were 
found  fragments  of  fossil  bone,  probably  representing  some 
extinct  Cretaceous  reptile.  Some  teeth  also,  probably  reptilian^ 
were  obtained  at  the  same  horizon  in  the  first  well. 

ARTESIAN   WELL   AT  COLUMBUS. 

Elevation,  70  feet ;  diameter,  4  inches  ;  depth  225  feet. 
Water  rises  to  within  60  feet  of  the  surface. 

An  artesian  well  with  a  depth  of  225  feet  has  been  put  down 
the  past  summer  at  Columbus.  The  work  was  done  for  the 
Columbus  Water  Company,  by  A.  G.  Dunphey,  from  whom  we 
have  received  samples  of  the  borings.  F'rom  these  specimens 
and  from  information  verbally  received  from  several  of  the 
directors,  also  from  Kdgar  A.  Alcott,  C.  E.,  and  from  A.  G. 
Dunphey,  we  have  computed  the  following  record  : 
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Matawan. 
Cretaceous. 
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Soil, 2  feet,  =      2  feet. 

Orange-yellow  sand  and  gravel,     ...  8  '*      =10 

Orange-yellow  sand,  light  in  shade,     .  18  "      =28 

Gray  sand, 2  **      =30 

Black  clay  with  coarse  sand, 2  '*      =32 

Flat  stone  concretion  at 32 

Olive-colored  sandy  clay 14  "      =46 

Bluish  or  black  clay, \ 

Greenish,  marly  clay,  with  glauco-  [74  =120 

nite, ) 

Bluish  clay 76  "      =  196 

Bluish-white  sand,  with  lignite,  wate:- 

bearing, 29  '*      =  225    *'     J 

This  well  was  finished  at  the  bottom  with  a  Cook  strainer 
twenty  feet  in  length.  This  strainer  or  sieve  consists  of  a  brass 
tube  with  fine  horizontal  slits,  about  one-fourth  of  an  inch  apart, 
which  are  arranged  around  its  circumference  in  parallel  perpen- 
dicular rows. 

The  water  obtained  is  described  as  **  clear,  cool  and  quite  soft.'^ 
The  water-horizon  is  the  same  as  that  at  the  dwelling  on  the 
Lorillard  stock-farm,  east  of  Jobstown,*  at  the  depth  of  j^6  feet^ 
the  elevation  there  being  about  85  feet. 

TWO   ARTESIAN  WELLS  AT   LAKEWOOD. 

No  /.—For  the  Lakewood  Water  Company. 

Elevation,  30  feet;  diameter,  6  inches;   depth,  600  feet. 

Water  rises  20  feet  above  the  surface. 

Overflows  at  the  surface  150  gallons  a  minute. 

No.  -?.— For  the  Lakewood  Hotel  and  Land  Association. 

Elevation,  30  feet;  diameter,  6  inches;  depth,  600  feet. 

Water  rises  20  feet  above  the  surface. 

Overflows  at  the  surface  100  gallons  a  minute. 

Kisner  &  Bennett  inform  us  that  in  November  thev  sank  a 
well  at  Lakewood  for  the  Lakewood  Water  Company,  the  loca- 
tion being  "just  below  the  dam  and  about  150  feet  north  of  the 
tail-race  and  3CX)  feet  north  of  the  pumping  station. ''  They  also 
state  that  "  the  ground  is  25  feet  lower  than  the  Laurel  House 
and  10  feet  below  the  surface  of  the  lake.''     The  well  flowed 


*  There  is  at  the  barn  on  this  stock  farm  another  well  to  a  much  deeper  horizon,  the  depth  of  this 
water  horizon  being  at  about  660  feet,  although  the  boring  was  prospected  to  715  feet. 
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about  150  gallons  a  minute,  and  produced  by  pumping  about  300 
gallons  a  minute.  The  water  rose  20  feet  above  the  surface  of 
the  ground  and  10  feet  above  the  level  of  the  lake. 

Kisner  &  Bennett  also  inform  us  that  in  December  they 
sank  a  second  well  at  Lakew^ood,  this  time  for  the  Lakewood 
Hotel  and  Land  Association.  This  well  "  is  located  about  100 
feet  west  of  the  N.  J.  S.  R.  R.,  under  the  hill,  on  the  same  level 
as  the  first  well.^'  The  flow  of  this  well  is  not  as  strong  as  that 
of  the  first  well,  being  but  "  100  gallons  a  minute,^^  and  *'  the 
pumping  capacity  about  200  gallons.'' 

The  succession  of  strata,  and  the  depths  and  thickness  in  each 
well  are  the  same,  and  are,  as  described  by  Kisner  &  Bennett,  as 
follows : 

Sand  and  sandy  clay, 80  feet  =    80  feet. 

Marls,      332    '*    =412 

Yellow  sand  bed, 30    **    =  442 

Muddy  sand 55    •♦    =  497 

Hard  black  clay, 40    *'    =537 

Fine  white  sand  with  abundance  of  water, 53    '*    =59^ 


t  < 


Both  the  above  wells  were  finished  at  the  bottom  with  strainers 
60  feet  long. 

FOUR   ARTESIAN   WELLS   AT   WEST   ASBURY    PARK. 

Elevation,  20  feet  ;  diameter  of  each,  6  inches. 
Depth  of  Well  No.  i  -508  feet. 
Depth  of  Well  No  2  —542  feet. 
Depth  of  Well  No.  3—558  feet. 
Depth  of  Well  No.  4—550  feet  +  . 

The  American  Pipe  Co.  has  pnt  down  four  artesian  wells  at 
West  Asbury  Park.  The  wells  are  arranged  nearly  in  a  straight 
line  on  ground  about  20  feet  above  mean  tide,  and  are  about 
2CXJ  feet  apart.  The  drilling  was  done  by  Kisner  &  Bennett. 
Through  the  co-ope  rat  i\'e  courtesy  of  the  officers  of  the  contract- 
ing company  and  of  the  well-drillers,  we  have  been  furnished 
witli  data  respecting  tliese  wells  and  with  one  full  series  of  the 
borings  taken  every  ten  feet  in  deptli.  The  wells  are  said  to 
yield,  by  pumj)ing,  about  150  gallons  eacli  per  minute  with  a 
23-iuch  vacuum. 
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After  inspection  of  the  specimens,  both  with  and  without  the 
microscope,  we  present  the  subjoined  record  : 

Soil. o  feet  to     6  feet.  1 

Brown      clay      with  }  Miocene. 

sponge   ipicuUs,     .    . 
Greensand  marl,  ...    1 

Ash  marl : 

Greensand  marl,  .  .  .  t 
Micaceous  sand.  .  .  .  ic 
Greensand.    ,   .    .   .   -  ij 

Ash  mar  , it 

Sand,     consisting     of 

greensand     grains 

and     white      quartz 


.  170 
190    ' 


Ash -colored  clay 

S-iiid  consisting  of 
greensand  grains 
and  white  quartz 
grains  mixt-d,  .   ,    .  210 

Dark  greensand, 
(gliiiicouite).  large 
Nodosarta  and 
other  ForaiHinifera 
throughout 230 

At  250  feet.  Echinus 
spines. 

Greensand   similar    to 


190 


xt 


but 


slightly  darker,  .  .  260    ' 

At  »6o  and  270  feet. 
Echinus  spines  and 
Oryozoa. 

Mixture  of  white 
quartz  sand  and 
greensand  grains,    .  310    ' 

Echinus  spines  and 
comminuted  shell  at 
330  feet ;  also  frag- 
ments of  flat  forms 
of  echinus  at  340 
feet. 

White  quartz  sand 
with  a  little  green- 
sand      360    ' 

A  little  comminuted 
shell  at  380  feet. 


I  Middle  marl  and  loi 
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430 


450 


470 


500 
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Water-bearing  at    380 

to  4CXD  feet. 
Micaceous  sand  with  a 

little  greensand,  .    .  400  feet  to  420  feet. 
Nearly  pure  greensand, 

glauconite  marl,  .   .  420 
Dark  micaceous  sand. 

with     very     little 

greensand 430 

Darker    micaceous 

sand      with    much 

greensand      ....  450 
Same  shade  micaceous 

sand,    with    little 

greensand,     ....  470 
Dark   but  lighter  col- 
ored micaceous  sand, 

with     very     little 

g  r  e  e  n  s  a  nd — water- 
bearing,   500    "     "558 


<  i 
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1 1 


Clay  marls. 
Matawan  formation 
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ARTESIAN   WELL   AT   SEABRIGHT. 

Elevation,  15  feet  ;  diameter.  6  inches  to  344  feet,  ^%  inches  to  650  feet ; 

total  depth  715  feet. 

First  water- horizon  at  depths  of  from  260  to  300  feet. 

Second  water-horizon  at  depths  of  from  350  to  390  feet. 

Third  water-horizon  at  depths  of  from  685  to  715  feet. 

Water  from  the  last  horizon  rises  within  5  feet  of  the  surface 

This  well  was  put  down  by  Uriah  Wliite^  and  is  much  deeper 
than  any  well,  so  far  as  we  know,  heretofore  sunk  at  this  locality. 
It  is  on  the  Runison  road  about  one  mile  west  of  the  draw-bridge. 
The  record  as  furnished  is  as  follows,  no  specimens  having  been 
obtained  : 


Succession  of  strata  same  as  in  former  weils  on  Rum- 
son    Neck    already    noted    in    previous    annual 

reports,  to  the  depths  of 190  feet  to  230  feet. 

Dark  black  mud,  from 230    *'    to  675    ** 

Clay,  10  feet  thick,  from 675    **    to  685    ** 

White  sand.  30  feet  thick,  from 685    **    to  715    ** 

A  bluish  stone  was  found  at  the  depth  of  375  feet,  and  sea- 
shells  are  said  to  have  occurred  more  or  less  throughout  the 
dark  black  mud. 
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Niunerous  wells,  many  of  which  have  been  noted  in  the  annual 
reports  for  1897  and  1898,  have  been  put  down  in  the  vicinity  of 
Seabright — reaching  two  higher  water-horizons,  the  first  at 
depths  varying  from  260  to  300  feet,  and  the  second  also  varying 
from  350  to  390  feet.  These  are  evidently  in  the  upper  portion  of 
the  clay  marls  and  represent  the  525  to  600-foot  Asbur>'  Park  hori- 
zon. The  supply  of  this  well,  however,  is  in  the  lower  part  of 
the  clay  marls,  and  is  probably  the  equivalent  of  that  at  1,083 
feet  at  Asbury  Park.  It  is  also  the  same  horizon  as  that  which 
supplies  wells  at  Atlantic  Highlands,  depth  465  feet ;  at  Holm- 
del,  depth  575  feet ;  at  Brookdale,  at  the  depth  of  660  to  715  feet, 
and  at  Barren  Island,  N.  Y.,  at  the  mouth  of  Jamaica  Bay,  L.  I., 
at  720  feet 

"Wells  Reported  by  Matthews  Bros* 

The  four  following  wells  in  Monmouth  county,  all  of  which 
draw  from  Cretaceous  strata,  are  reported  by  Matthews  Bros., 
who  drilled  them : 

ARTESIAN   WELL   AT  SEABRIGHT. 

Elevation,  6  feet;  diameter,  6  inches;  depth,  275  feet. 
Overflows  15  gallons  a  minute.     Yields,  when  pumped,  69  gallons  per 

minute. 

Matthews  Bros,  have  drilled  an  artesian  well  for  the  Seabright 
Hygeia  Ice  Company.  The  location  is  in  the  borough  of  Sea- 
bright,  on  Church  street,  about  100  feet  from  the  South  Shrews- 
bury river.  The  well  is  6  inches  in  diameter,  and  has  a  natural 
flow  of  fifteen  gallons  per  minute,  and  yields,  when  pumped,  69 
gallons  per  minute.     The  elevation  is  6  feet  above  tide-level. 

The  strata  penetrated  are  : 

White  sand, 40  feet  =    40  feet. 

Marl,      47  "  =    87 

Cemented  shells^ 4  "  =    91 

Gravel 4  "  =    95 

Dark-colored  sand, 74  "  =  169 

White  clay 14  "  =183 

Marl, 47  "  =  230 

White  sand  and  wood,  water-bearing 45  '*  =275 
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ARTESIAN   WELL   AT   PORT   MONMOUTH. 
Elevation,  8  feet ;  diameter,  4>^  inches  ;  depth,  240  feet. 

Matthews  Bros,  write  :  **  We  have  sunk  an  artesian  well  fa 
the  Port  Monmouth  Steamboat  Co.  The  location  is  nearth 
steamboat  landing,  the  surface  being  8  feet  above  tide-levd 
The  well  is  4^  inches  in  diameter  and  yields  a  supply  of  4. 
gallons  per  minute.  The  water  is  used  to  supply  the  boilei 
and  for  other  uses  on  the  boats.'' 

The  strata  drilled  through  were  : 

Made  ground,     6  feet  =     6  f« 

Salt  meadow, 3  "  =     9    ■ 

Yellow  sand, 12  '*  =    21    " 

Marl,     29  •'  =    50  • 

Black  sand,  .   .   .   -• 47  ••  =    97   - 

White  clay,     20  **  =  117   • 

White  sand  and  wood,  water-bearing  but  salt,    ....  43  **  =160   •" 

Blue  clay,     .   .   .   .   ^ 35  *•  =  195    - 

Gray  sand,  water  bearing, , 45  ••  =240   " 

ARTESL\N   WELL   ON   RUMSON   BLUFF. 
Elevation,  12  feet ;  diameter,  3  inches  ;  depth,  282  feet. 

Matthews  Bros,  write  that  they  have  put  down  an  artesia: 
well  for  Dr.  Seman.  The  location  is  on  the  Rumson  blu£ 
about  ;  8  of  a  mile  west  of  South  Shrewsbur}*  river ;  the  elevatioi 
above  tide-level  is  about  12  feet ;  the  water  rises  to  within  3  fee 
of  the  surface ;  the  well  is  3  inches  in  diameter. 

The  strata  penetrated  were  : 


V    •  * 
«« 


Sand 2  feet  =      2  feet 

Clay 3  *•  = 

Brown  sand, 9  •'  =    14 

Black  sand 29  *•  =    43 

Marl, 42  *•  =    85 

Shells 5  '•  =    90 

Pebbles  (colored), 3  •*  =    93 

Dark  sand 70  **  =  163 

White  clay, 22  ''  =  185 

Marl, 39  **  =  224 

White  sand, 58  **  =282 


•  4 
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ARTESIAN   WELL   AT   LITTLE  SILVER. 

Elevation,  18  feet ;  diameter,  4>^  inches  ;  depth,  280  feet. 

Respecting  this  well,  Matthews  Bros,  write  as  follows  :  ^*  We 
have  bored  an  artesian  well  for  Dean  &  McMahon.  Location 
about  ^/(  of  a  mile  south  of  Little  Silver  depot.  The  elevation 
above  tide-level  is  18  feet,  and  the  water  rises  to  within  2  feet 
of  the  surface. 

*^  The  diameter  of  the  well  is  43^  inches,  and  is  about  280  feet 
deep.  We  are  not  in  possession  of  the  different  strata  passed 
through  in  this  well  and  so  cannot  send  a  better  report.'' 

[End  of  Matthews  Bros.'  records.] 


ARTESIAN    WELL   SOUTH   OF   BABYLON,  L.  I.,  N.  Y.,  ON    MUNCIE'S 

ISLAND,  GREAT   SOUTH   BAY. 

Elevation,  nearly  at  tide  level  ;  diameter,  3  inches  to  the  depttf  of  200  feet, 

and  two  inches  below  that ;  total  depth,  270  feet.     Continuation 

of  the  Matawan-Cretaceous  belt  eastward  beneath  the 

southern  border  of  Long  Island. 

An  artesian  well  was  finished  in  the  spring  of  1898  for  Dr.  C. 
E.  Muncie,  at  his  sanitarium,  on  a  meadow  island  in  the  Great 
South  bay,  inside  of  the  Great  South  Beach,  about  three  and 
one-half  miles  almost  south  of  Babylon.  From  E.  K.  Hutchin- 
son, of  Oyster  Bay,  N.  Y.,  who  bored  the  well,  we  have  received 
the  following  record : 

Muck  and  sand,  with  shells. o  feet  to  10  feet. 

Heavy  yellow  micaceous  (?)  sand  and  gravel,  with 

water  salt  as  the  ocean  and  which  stood  nearly  at 

the  surface  of  the  meadow.     This  stratum  is  very 

similar  to  that  obtained  from  most  of  the  shallow 

wells  on  Long  Island, 10    '•    **     45 

Clay  and  fine  sand,  like  beach  sand  ;   sand  and  clay 

mixed.   The  color  was  blue  and  gray, 45    *'    **    150 

Clay   sand  etc..  much  like  the  last  only  darker,  with 

water  which  flowed  14  gallons  a  minute  over  the 

top  of  the  casing,  which  was  two  feet  abo^e  the 

ground.    This  water  was  fresh,  but  was  colored 

black  ;    pumped  out  much  wood  [lignite],  about 

three  wheelbarrow  loads.     The  pipe  seemed  to  be 

in  wood, 150    "    "    200 


t  ( 
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Lighter  colored  sand  and  clay  mixed  ;  amount  of  lig- 
nite gradually  decreased.  Sand  a  little  heavier 
at  the  base,  where  good  water  was  obtained.  Water 
flowed  from  2  inch  pipe  two  feet  above  the  surface 
8  gallons  a  minute, 200  feet  to  270  feet. 

This  well  probably  draws  from  sands  within  the  clay  marls  or 
that  division  of  the  Cretaceous  known  in  New  Jersey  as  the 
Matawan  fonnation,  and  which  has  been  heretofore  demonstrated 
by  wells  bored  in  the  vicinity  of  Jamaica  and  on  Bamum  and 
Barren  Islands,  to  pass  northeastward  across  Raritan  bay  and  to 
underlie  a  belt  on  the  southern  side  of  Long  Island. 

The  well  on  Barren  Island  at  the  entrace  of  Jamaica  bay  was, 
however,  bored  much  deeper  (depth,  720  feet)  and  opened  an 
horizon  probably  also  stratigraphically  much  lower  than  that  of 
this  well  south  of  Babylon.  The  latter  probably  draws  from  an 
horizon  nearly  equivalent  to  that  of  the  wells  of  the  Brooklyn 
water  department  in  the  vicinity  of  Jamaica,  whose  depths  var\' 
from  about  150  feet  to  nearly  300  feet.  The  records  of  these 
wells  are  briefly  tabulated  on  pages  162  and  163  of  the  Annual 
Report  for  1896.  In  the  same  annual  there  is  a  ver>'  full  strati- 
graphical  record  of  the  well  on  Barren  Island. 


ARTESIAN   WELL   AT   WOODSIDE,    L.   L,    N.   V. 

Depth,  227  feet. 

StotthofF  Bros,  write  that  late  in  the  year  they  commenced  a 
boring  for  the  Citizens  Water  Co.,  at  Woodside,  Long  Island, 
N.  Y.,  of  which  thev  furnish  the  record  below : 

Earth,  clay  and  boulders, 38  feet  =    38  feet. 

Hard  clay  mixed  with  sand, 60    **     =98 

Quicksand, 20    "     =118 

Blue  clay 20    "     =138 

Rock ''gneiss  layer,  &c.,"     89    "     =227 
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Of  tlie  above  section,  the  beds  below  98  feet,  and  perhaps 
below  38  feet  to  the  rock  at  138  feet,  probably  represent  the 
eastward  continuation  of  the  New  Jersey  Raritan  Cretaceous, 
which  is  now  known  to  skirt  the  northern  border  of  Long 
Island. 
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ARTESIAN   WELL   AT   KENNEDYVILLE,    MD. 
Elevation,  20  feet ;  depth,  100  feet. 

A  few  years  since  a  well  was  drilled  for  the  Baltimore  and 
Delaware  Bay  Railroad  at  their  station  at  Kennedyville,  Md., 
which  place  is  located  slightly  east  of  the  76th  parallel  of  longi- 
tude, and  about  ^y?  miles  south  of  the  Sassafras  river.  Thomas 
B.  Harper,  the  contractor,  reports  the  depth  at  about  100  feet, 
and  the  strata  mainly  clay  till  a  gravel  was  reached  at  the  bot- 
tom, in  which  he  says  there  was  plenty  of  water  that  came  within 
ten  feet  of  the  surface. 

ARTESIAN   WELL   AT  CENTREVILLE,   MARYLAND. 

Elevation,  10  feet±;  depth  as  finished,  428  feet.    Boring  was  prospected 

beyond  this  to  the  depth  of  665  feet 

Water-horizons  at  428  feet  and  665  feet.    Water  rises  nearly  to  the  surface 

from  both  these  horizons.     The  upper  one  only  was, 

however,  utilized. 

Lucina  crenulata  Conrad,  at .    150  feet 

Cylichna — sp  ?  at      170 

Terebratulaharlani,  Morton  and  Gryphea  vesicularis,  Lamarck,  at  365 
Exogyra  costata,  Say.,  and  Pecten — sp.**  at 428 


<  t 
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Early  in  the  present  year  J.  H.  K.  Shannahan  contracted  to  sink 
a  well  at  Centreville,  Md.,  for  the  supply  of  the  public  water- 
works plant  there.  The  work  was  done  under  the  immediate 
supervision  of  Nonnan  M.  Shannahan,  who  has  courteously  fur- 
nished some  data  respecting  the  borings.  A  full  series  of  speci- 
mens of  earths  from  below  the  depth  of  150  feet  has  been  kindly 
furnished  by  the  water  company's  engineer. 

This  well  was  finished  with  a  depth  of  but  428  feet,  but  was, 
however,  prospected  beyond  this  to  the  depth  of  665  feet,  where 
another  water-horizon  was  found,  which,  however,  was  not 
utilized. 

After  a  careful  study  of  the  borings  in  the  light  of  data  fur- 
nished by  N.  M:  Shannahan,  supplemented  by  the  lithological 
appearance  of  the  various  earths  and  the  evidence  presented  by 
the  fossils,  we  present  the  following  record,  with  our  geoL 
interpretation  upon  the  right  : 

6  GEOL 
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Made  ground, 

Marsh  mud, 

Green  clay,  not  very  hard,   .  .   . 

Materia!  described  by  the  well 
driller  aS  ''a  kind  of  gun- 
powder stuff."  Specimens  at 
150  and  70  feet  were  a  mica- 
ceous, sandy  clay  both  con- 
taining Foraminifera,  The 
mollusk,  Cardiia  f  granutala, 
Say.occurredat  5ofeet,alsoa 
Cytithna sp.    at    170   feet, 

Olive-yellow,  coarse  sand,  con- 
sisting ofa  iiii\turenf  grt-en- 
sandaod  whituijiinrl/ grains, 
somewhat  finer  at  the  base,  . 

Nearly  pure  greensand  (Glau- 
conite).  A  few  white  quartz 
sand  grains, 

Olive-colored  sand,  same  shade, 
composition  and  texture  as 
at  170  to  ajo  feet,     .   . 

Very  decidedly  darker  olive- 
colored  mixture  of  green- 
sandand  yellow  quartz  sand 

Gray  sand, 

Stony  lime  sand  (concretious), 
consisting  of  greensand  and 
ye  low  quartz  sand  cemented 
with  a  whitish  material,    . 

TerebrattUa  harlaiii,  Morton  and 
Gryphia  vesicHlaris  Lamark, 
in  a  stratum,  say, 

Mixture  of  greensand  and  yellow 
quartz  sand,  contains  Nodo- 
saria  and  other  Foramini- 
fera, varying  from  fine  to 
coarse  sands  and  from  quite 
light  to  medium  dark  oltve 
color.  At  42.Sf^  there  was 
brought  up  an  lixogyra  and  a 
Pcclen 
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Reddish    mixture  of    greensand  ^ 

and     reddish -yellow     quartz 

sand 30  feet  =  460  feet. 

Very  dark  olive-colored  mixture 

of  clay,  greensand  and  olive- 
colored  quartz  sand,    ....      20    *'    =c  480    *' 
Light    olive-yellow    mixture    of  j-  Matawan. 

greensand  and  yellow  quartz 

sand, 10    "    =490 

**  Light  clay,  490  to  530  feet,*'  .  40  "  =530 
**  Greenish  clay,  530  to  650  feet,"  120  "  =  650 
Light  sand  with  water  that  stood 

3  feet  below  the  surface,    .   .       5    "    =  655    '  *      J 

A  well  has  recently  been  put  down  at  Chesapeake  Beach  on 
the  opposite  side  of  the  Chesapeake  bay,  through  beds  which  we 
correlate  with  those  penetrated  by  this  well.  For  such  correla- 
tion and  for  remarks  upon  the  dip  of  the  beds,  read  the  succeed- 
ing record. 


ARTESIAN   WELL   AT  CHESAPEAKE   BEACH,  MARYLAND. 

Elevation,  10  feet+;    depth,  295  feet 

A  well  has  been  recently  put  down  at  Chesapeake  Beach,  a 
new  pleasure  resort  on  the  western  shore  of  Chesapeake  bay, 
nearly  four  miles  south  of  Herring  bay.  The  locality  is  the 
tenninus  of  the  recently  constructed  Chesapeake  Beach  Rail- 
road, whose  line  runs  nearly  southeastward  from  Washington, 
D.  C. 

From  Dr.  W.  B.  Clark,  who  informed  us  of  this  well,  we  learn 
that  it  has  a  depth  of  295  feet,  the  first  60  feet  being  in  Miocene, 
the  remaining  235  feet  being  mainly  Eocene. 

The  writer's  study  of  wells  in  this  region  in  which  he  has 
been  aided  by  some  vertical  sections  prepared  by  him  from  vari- 
ous data  in  hand,  inclines  him  to  the  view  that  the  following  is 
probably  the  correct  correlation  of  the  strata  in  this  well  and  in 
the  one  of  the  preceding  record  at  Centreville,  this  well  being 
say  eight  or  ten  miles  further  up  the  slope  of  the  beds.  Total 
depths  from  the  surface  are  given  : 
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Chesapeake  Beach.         CentreTille. 

Miocene  from  near  the  surface  to 60  feet.  170  feet. 

Eocene  to, 250    **  356    ** 

The  Ran  cocas  division  of  the  Cretaceous  here  in- 
tervenes. 
Water  bearing  horizon,  at 295    *'  428    *' 

The  writer's  section  indicates  the  dip  of  the  Miocene  beds 
to  be  10  to  12  feet  per  mile,  towards  the  ocean,  and  the  dip  of 
the  Cretaceous  bed  to  be  about  25  feet  per  mile  in  the  same 
direction. 


ARTESIAN   WELLS   ON   TILGHMAN'S   ISLAND,    MD. 

Depths,  370  to  420  feet. 
Water  rises  12  feet  above  tide. 

I.  A.  Harrison,  of  Tilghman,  Md.,  reports  having  sunk  a 
number  of  wells  on  Tilghman's  Island,  on  the  eastern  side  of 
Chesapeake  bay  and  north  of  the  mouth  of  the  Choptank  river. 
He  says  "  the  depths  of  these  wells  vary  from  370  to  420  feet, 
according  to  the  location ''  of  each,  and  that  ''  the  dip  is  about 
30  feet  per  mile  to  the  southeast.''  He  also  says  the  strata  in 
all  the  wells  are  very  much  alike,  and  describes  the  general  sec- 
tion as  follows  : 

Clay  or  sand  of  a  greenish  color, to  150  feet. 

Three  or  four  thin  ''pans"  of  rock  imbedded  in 
black  sand. 

Continuation  of  black  sand  and  clay, to  370  and  420  feet. 

**The  water-bearing  sand  at  the  base  is  a  thick 
black  sand,  very  coarse,  interspersed  with  a 
shelly  fonnation,  the  whole  seeming  like  soft 
sandstone." 

In  all  the  wells  this  basal  sand  produces  an  abundance  of 
water,  which  has  l)een  noticed  to  rise  12  feet  alx)ve  tide-level  at 
the  soutli  end  of  the  island. 


THE  STATE  GEOLOGIST.  85 

ARTESIAN   WELLS  ON   TAYLOR^S   ISLAND,    MD. 

No  I.— Elevation,  5  feet?  depth,  155  feet. 

No.  2. — Elevation,  5  feet  ?  depth  390  feet. 

Water  from  No.  2  rises  within  2  feet  of  the  surface. 

Hon.  Levi  D.  Travers  some  years  since  furnished  ns  with  data 
respecting  two  wells  on  Taylor^s  Island,  Maryland,  on  the  east- 
ern side  of  Chesapeake  bay. 

No.  I,  the  more  shallow  well  (depth  155  feet),  he  says  is  on 
his  brother's  place,  near  the  river,  while  No.  2  (depth  390  feet)  is 
on  his  own  property,  one  mile  from  the  former,  and  in  the  mid- 
dle of  the  island,  the  whole  of  which  is  elevated  only  a  few  feet 
above  tide. 

Of  his  own  well  he  makes  the  following  statement :  *'  Within 
the  first  thirty  feet  water  was  abundant  but  brackish,  and  between 
20  and  30  feet  was  strongly  impregnated  with  iron.  Scarcely 
any  water  was  found  between  30  and  250  feet,  and  only  four 
gallons  a  minute  at  that  depth.  Between  250  and  390  there  was 
no  increase  of  the  flow  of  water.'' 

He  also  furnishes  the  following  stratigraphical  data  for  this 
well : 

Quicksand 8  feet  to  30  feet. 

No  record. 30  *•  **    40 

Whitish  sand 40  •*  *'    50 

Gravel,  marl,  clay  and  sand  mixed 50  *'  *'  100 

Some  gravel,  clay  and  greenish  sand, 100  '*  **  150 

White  sand.     fVat^r-Aorizon  of  well  ^o.  i, 150  **  *'  155 

Gravel,  clay  and  sand  similar  to  that  at  100  to  150  feet,  155  **  **  200 
Clay  and  sand,  without  marl,  pi  incipally  black  and 

brown  sands 200  **  "  245 

White  sand  with  z£/a/^r, 245  **  "270 

Clay  and  sand  without  marl,  principally  black  and 

brown  sand, 270  **  "  390 
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At  the  depth  last  named,  on  ^^  what  is  called  black  sand," 
further  boring  of  No.  2  was  abandoned.  The  water-supply 
probably  comes  from  the  white  sand  at  245  to  270  feet. 

Leach  Brothers,  who  drilled  this  well,  describe  the  beds  be- 
tw^een  50  and  150  feet  as  mainly  ^^blue  clay,"  and  the  material 
entered  at  270  feet  as  *^  hard  clay." 
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ARTESIAN  WELL  ON  THE  SEVERN   RIVER,   GLOUCESTER 

COUNTY,   VA. 

Elevation,  5  feet  ;  diameter,  6  inches  ;  depth,  716  feet. 

Overflows  at  one  foot  above  the  surface,  50  gallons  a  minute. 

Overflows  at  23  feet  above  the  surface,  7  gallons  a  minute. 

Terebratula  harlani,  Morton,  at  about  570  feet. 

In  1898  a  six-inch  well  was  put  down  in  Gloucester  county, 
Va.,  on  the  Severn  river,  an  estuar}'  of  Mobjack  bay,  which  is 
itself  an  indentation  on  the  western  shore  of  the  Chesapeake, 
north  of  the  mouth  of  the  York  river.  The  well  was  bored  for 
Alfred  W.  Withers,  of  Roanes,  Va.,  who  has  furnished  the  data 
tabulated  above,  and  who  further  states  that  shells  were  found 
at  different  depths,  and  that  deep  strata  of  blue  clay  and  fine 
packed  sand  were  penetrated,  and  also  that  water  was  found  at 
various  other  depths  than  that  above  noted,  which  in  some  cases 
would  rise  within  a  few  feet  of  the  surface  and  afford  a  consid- 
erable quantity  for  pumping  purposes,  while  at  other  depths  it 
would  flow  small,  thin  streams,  not  enough  to  be  of  any  prac- 
tical use. 

From  A.  W.  Withers,  and  also  from  A.  P.  Sharp,  a  chemist  to 
whom  a  sample  of  the  water  from  the  stratum  at  the  base  of  this 
well  was  sent,  we  learn  that  the  water  is  quite  strongly  charged 
with  mineral  matter,  consisting  in  part  at  least  of  "  chlorides  of 
soda,  potash,  lime  and  magnesia." 

N.  H.  Darton,  of  the  U.  S.  Geological  Sur\'ey,  has  also  sub- 
mitted to  the  writer  specimens  of  fossil  mollusks  believed  by  him, 
from  infonnation  he  has  received,  to  have  come  from  the  depth 
of  560  to  573  feet.  Among  these  mollusks  are  numerous  shells 
of  a  brachiopod,  Terebratula  harlani^  Morton. 

There  are  also  two  other  bivalves  represented,  neither  of 
which  we  are  able  certainly  to  identifv.  One  of  these  is  a  cast 
that  somewhat  resembles  a  Calls/a,  but  that  this  is  the  correct 
genus  we  cannot  be  positive.  The  other  is  represented  by  a 
number  of  shell  fragments  of  a  Pecteri,  the  specific  form  of 
which  we  are  as  yet  unable  to  determine. 

Respecting  the  occurrence  of  7\'rehratula  harlani,  Morton, 
southward  from  New  Jersey,  the  writer  would  state  that  he  has 
so  far  had  this  fossil  placed  in  his  hand  from  well-lx)rings  at 
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Centreville,  Md.,  depth  365  feet ;  from  Fairport,  Va.,  depth  640 
feet ;  from  this  locality,  depth  560  to  573  feet ;  and  from  a  well 
at  the  Hotel  Chamberlin,  at  Old  Point  Comfort,  Va.,  depth  said 
to  be  840  feet,  though  it  is  possible  that  at  the  latter  place  its 
true  position  was  somewhat  higher. 

At  all  the  localities,  except  Fairport,*  this  Terebrahila  was 
associated,  in  the  specimens  received,  with  a  conglomerate  of 
greensand  grains  and  quartz  sand  grains  cemented  together; 
the  color,  however,  of  the  conglomerate  varied  at  the  several 
localities.  We  are  inclined  to  consider  that  this  conglomerate 
represents  the  limesand  layer  that  occurs  above  the  Terebratiila 
horizon  of  the  Middle  Marl  bed  in  New  Jersey. 

ARTESIAN  WELL,    NEAR    NORFOLK,    VA.,   AT   LAMBERT'S   POINT. 
Elevation,  xo  feet ;  j  goiter.  8  inches  to  400  feet ;  j  ^^^^^  ,^,  ,^, 

Water  flows  65  gallons  a  minute  from  the  top  of  the  casing,  seven  feet 

above  the  surface. 

Upper  two-thirds  mainly  through  the  Miocene. 

Lower  one-third  through  the  Ripley  or  Matawan  Cretaceous. 

Ripley — Matawan  fossils. 

Dip  of  Miocene  beds  about  14  feet  per  mile. 

Dip  of  Cretaceous  beds  about  30  feet  per  mile. 

About  the  year  1890  an  artesian  well  was  sunk  for  the  use  of 
the  Norfolk  and  Western  R.  R.  Co.  at  Lambert's  Point,  some 
two  miles  northwest  of  Norfolk,  Va.  The  well  draws  its  supply 
from  a  fine  sand,  **  apparently  silica  and  mica,''  between  the 
depths  of  610  and  616  feet.  The  quality  of  the  water  is  not, 
however,  entirely  satisfactory,  being  somewhat  saline.  It  is, 
however,  used  by  the  workmen  in  preference  to  other  water 
obtainable  at  the  locality.  We  are  informed  that  ^^  sixty-five 
(65)  gallons  a  minute  is  discharged  (by  overflow)  seven  feet  above 
the  ground,"  and  that  the  ^^temperature  of  the  water  is  70 
degrees  Fahrenheit." 

From  Charles  S.  Churchill,  the  company's  engineer  for  main- 
tenance of  way,  the  writer,  early  in  1891,  received  small  por- 
tions of  the  borings  from  various  depths,  representing,  however, 
nearly  a  full  series.  This  series  is  a  duplicate  of  a  somewhat 
larger  one  retained  at  that  time  in  the  office  of  the  company. 

*  The  conglomerate  may  or  may  not  exist  at  Fairport,  but  if  so,  no  specimens  of  the  rock  were  sent  us. 
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Either  this  retained  series  or  another  duplicate  one  has  since 
then  been  placed  in  the  hands  of  N.  H.  Darton,  of  the  U.  S. 
Geological  Surv^ey,  who  has  noted  the  occurrence  in  the  lower 
strata  near  the  base  of  the  well  of  Ripley  Cretaceous  fossils.* 
These  we  will  again  refer  to  in  this  record,  corroborating  his 
observations  as  to  their  age  by  additional  ones  of  our  own. 

Below  we  separately  present  for  each  stratum  a  triple  record. 
The  first  is  that  made  by  N.  H.  Darton,t  from  an  examination  of 
the  borings  submitted  to  him.  We  have  added  thereto  his 
initials,  N.  H.  D. 

The  second  is  that  of  George  S.  Churchill,  the  company's 
engineer.     We  also  add  thereto  his  initials,  G.  S.  C.J 

The  third  consists  of  notes  and  comments  by  the  present 
writer,  and  are  the  results  of  a  study  of  the  borings  in  his  pos- 
session. Mention  is  made  therein  of  fossils,  both  microscopic 
and  macroscopic. 

A  bed  of  clay  sparingly  diatomaceous  occurs  at  a  depth  of  1 7 
to  44  feet,  containing  mixed  marine  and  fresh-water  fonns  of 
both  Pleistocene  and  Miocene  species.  This  bed  we  correlate 
in  age  with  a  similar  bed  that  occurs  at  Moore's  Bridges  between 
the  depths  of  21  and  65  feet.     (See  last  paragraph,  page  98.) 

The  specimens  from  the  central  or  lower  portion  of  the 
borings  fail  to  reveal  the  occurrence  of  the  great  Miocene  diatom 
bed  that  exists  in  the  deep  wells  at  Norfolk  and  Old  Point 
Comfort. 

It  is  interesting  to  note  in  the  basal  beds  penetrated  by  this 
well  certain  Ripley  or  Matawan  Cretaceous  marine  fossils,  as 
noted  in  the  succeeding  record. 

The  writer  has  made  a  very  careful  comparison,  stratum  for 
stratum,  of  this  well  and  of  one  at  ^loore's  Bridges,  six  and  one- 
half  miles  east,  to  the  depth  in  the  latter  of  815  feet,  and  finds 
that  the  beds  of  the  upper  two-thirds  or  thereabouts  on  both  wells 
are  Miocene  and  Eocene,S  excepting  the  first  50  or  perhaps  65  feet, 
which  in  both  cases  probably  represents  quite  recent  Pleistocene. 
The  lower  one-third  or  less  in  both  wells  is  of  Ripley  or  Mata- 
wan Cretaceous  age.  The  dip  of  the  Miocene  beds  near  their 
base  he  finds  to  be  about  14  feet  to  the  mile,  and  of  the  Cretaceous 

*  Bulletin  Gcol.  Soc.  of  America,  1898,  Vol.  IX,  page  414  to  416. 

t  Bulletin  No.  138  U.  S.  Geol.  Survey,  1896,  page  172. 

X  This  we  copy  verbatim  from  a  record  furnished  by  G.  S.  Churchill  to  the  present  writer  in  1891. 

2  The  Eocene,  however,  compared  with  the  Miocene,  is  relatively  quite  thin  in  these  two  well-sections. 
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beds  beneath  to  be  about  30  feet  per  mile,  the  dip  being  east- 
ward. In  the  succeeding  record  of  the  Norfolk  waterworks  deep 
well  (1,760  feet),  at  Moore's  Bridges,  we  note  more  particularly 
the  correlation  of  the  strata  and  of  their  contained  fossils. 

The  clays  in  the  well-borings  at  the  base  of  the  Miocene  and 
occupying  the  interval  between  the  depth  of  475  and  625  feet 
(including  the  great  Miocene  diatom  bed  at  580  to  625  feet)  seem 
not  to  occur  at  all  in  this  well,  thus  evidencing  considerable 
unconformity  between  the  Cretaceous  and  the  overlying  post- 
Cretaceous  beds. 

The  water-bearing  horizon  is  probably  the  equivalent  of  that 
the  depth  of  805  to  810  feet  at  Moore's  Bridges  (see  page  92), 
and  at  the  depth  of  562  feet  at  Money  Point,*  on  the  southern 
branch  of  the  Elizabeth  river,  five  miles  south  of  Norfolk. 

The  writer  deems  it  very  probable  that  the  same  Cretaceous 
beds  that  occur  at  the  base  of  this  well  were  entered  by  a  boring 
made  many  years  since  at  Newport  Newsf  to  the  depth  of  about 
600  feet. 


"Beach  sand,  shell  fragments**  (N.  H.  D.).  1 

**  Clean  sand  *'  (G.  S.C).  '!     q     r       f 

Sand  slightly  yellowish,  shell  fragments,   Tutru  [    Surface  to  17  feet. 

tella Sp.  ?&c.    •  j 


*'  Bluish  clay,  shell  fragments  "  (N.  H.  D.). 

•* Stiff  blue  mud'*  (G.  S.  C). 

Diatoms f  sponge  spicules  and  broken  shell. 

*'Gray   micaceous    sand   fine;    shell  fragments"  1 

(N.  H.  D.). 
**  Fine  gray  sand  '*  (G.  S.  C  ). 
Contains  foraminifera  and  echinus  spines  J 


•  Artesiaa  Wells,  &c..  N.  H.  D.  Darton. 

Bulletin  138,  U.  S.  Geol.  Survey,  pages  166,  173,  183  and  188. 
t  Same  Bulletin,  pages  166  and  173. 


17  feet  to    44  feet. 


1^      44 
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**  Greenish  gray  sandy  clay  "  (N.  H.  D.).  \ 

"Sand mixed  with  blue  mud  "  (G.  S.  C).  J 

Contains  sponge  spiades  some  of  them  pin-head  ',     ^°3 

forms.  •  j 

"Gray  micaceous  sands  "  (N.  H.  D). 

*'  Fine  sand  mixed  with  some  mud  "  (G.  S.  C).  )    191 

No  organisms  observed  in  this. 
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**  Fine  sand  and  clay,  greenish  gray,  tough  when  ' 

dry,  shell  fragments,  Pecten,  Venus'"^  (N.  H.  D.)- 
' '  Cemented  mixed  mud  sand  and  shells''  (G.  S.  C  ). 
•Clay  with  comminuted  shell  exactly  identical  in  j-    ^11  ^'^^  ^^  264 

all  respects  with  clay  and  small  broken  shell 

from  Norfolk  water-works  well  at  the  depth  of 

325  feet. 


feet. 


*' Gray  clay"  (N.  H.  D.). 
*•  Stiff  blue  mud  "  (G.  S.  C). 
Contains  sponge  spicules. 

"Fine  gray  sand,  shell  fragments"  (N.  H.  D  ). 
"Mixed  fine  gray  sand  and  blue  mud 
Contains  greensand  grains  or  glauconite. 

"Gray  clay"  (N.  H.  D) 
"Cemented  blue  mud  "  (C.  S.  C). 


264 
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S[.  H.  D  ).  \ 
"  (G.  S.  C).  \ 
lite.  ) 


286 


((    ( < 


"  Fine  gray  sand,  shell  fragments  "  (N.  H.  D.) 
"•Fine  sand  and  mud"  (G.  S.  C). 
Contains  echinus  spines^  sponge  spicules  and  frag- 
ments of  mollusks. 

"Dark  gray  clay"  (N.  H.  D.). 
''Cemented  blue  mud "  (G.  S.  C  ). 
No  specimen  received  by  the  writer. 


1 
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''Gray  sand,  moderately  coarse;  some  glau- 
conite '  (N.  H.  D  ). 

"Fine    dark-gray    sand,    consisting    of  a   large 
amount  of  white  particles  mixed  with   black  | 
particles"  (G.  S.  C).  J-    407 

The  "  white  particles  "  are  the  shells  of  /oramini- 
fera.  the  "black  particles"  are  glauconitic 
greensand.  This  stratum  also  contains  echinus 
spines. 


II    II 
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"  Small  gravel,  shell  fragments"  (N.  H.  D.). 
"  Very  coarse,  clean  sand  mixed  with  pieces  of 
shells''  (G.  S.  C). 


526 


It    II 


534 


1 1 


"  Rock  (no  sample) "  (N   H.  D.).  '  -n 

"  Half  formed  stone  made  of  blue  mud,  sand  and  » 
shells"  (G.  S.  C).  I 

Rock,  two  specimens  furnished  the  writer,  one  of  ].    534 
them  a  fine  stone  without  fossils,  the  other  con-  1 
sists  largely  of  ver>'  small  fragments  of  mol-  | 
lusks  unidentifiable.  J 


II    II 


540 


i  I 


"Gray  clay"  (N.  H.  D.). 

"  Cemented  blue  mud  "  (G.  S.  C). 

Clay  contains  foraminifera. 


540 


1 4 


•■  563 
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•'  Rock  stratum  ;  shell  fragments  '*  (N.  H.  D).         1 
'*  Same  material  as  534  feet  to  540  feet "  (G.  S.  C.)- 
Rock  stratum.     Specimens  received  contain  casts 
of  what  C.  W.  Johnson  refers  to  a  young  Axinea 

Sp.?  and  also  one  individual  form  which  he 

identifies  as  probably  Gouldia  decemnaria  Con 
rad.  There  was  also  a  single  quite  perfect  flat 
valve  of  Gryphea  vesiadaHs^  Lamarck.  This  was 
received  separate,  however,  from  the  rock  ma- 
trix N.  H.  Darton  reports  Exogyra  from  the 
depth  of  563  feet.* 

•* Gray  clay"  (N.  H.  D.) 

**Half  formed  stone  made  of  compressed  blue 
mud  ;  stone  cuts  like  chalk  **  (G.  S.  C).  1^    5^4 

Dark,  hard,  fine  micaceous  sandy  clay,  well  lami- 
nated ;  does  "cut  like  chalk." 

*'  Rocky  strata,  with  thin  layers  of  clay  and  shell 

fragments*'  (N.  H.  D.). 
*'  Same  material  as  between  534  and  540  feet  inter- 
spersed w4th  thin  layers  of  clay  "  (G.  S.  C). 
No  specimen  furnished  the  writer.  This  is  proba- 
bly the  stratum  from  which  T.  W.  Stanton  de- 
termined the  following  Marine  Ripley  Creta- 
ceous fossils  as  noted  by  N.  H.  Darton  :* 

"Astarte  octolirata,  Gabb. 

Ostrea  plumosa,  Morton.. 

Gryphea  vesicularis. 

Liopistha  (Cymella)  bella,  Conrad 

Corbula  Sp. 

Modiola,  Sp. 

Baculite.?*' 


.    563  feet  to  564  feet. 
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**  Small  gravel  in  coarse  sand  ;  shell  fragments, 

water"  (N.  H.  D.). 
**  Medium  coarse  sand  with  broken  shells''  (G.  S. 

The  writer's  specimen  agrees  with  both  the  above  ! 
descriptions.  The  shell  fragments  are  not  iden-  | 
tifiable.  J 

**  Rocky  stratum  "  (N  H.  D.).  >l 

Same  as  between  534  and  540  feet  (G  S  C  ). 
The  writer's  specimens  show  comminuted  shell.    \    606 
one  individual  form  being  an  Exogyra,  a  genus 
also  noted  at  this  depth  by  N.  H.  Darton.* 
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*  Bulletin  Geol.  Soc.  of  America,  1896,  Vol.  IX,  page  415. 
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* '  Gray  sand  ;  moderately  coarse  ;  micaceous  ; 
oyster  shelV  (N.  H.  D.). 

^^Water-bearing  stratum  of  fine  sand  (silica  and 
mica  apparently)'*  (G.  S.  C). 

Fine  siliceous  gray  sand  with  considerable  mica, 
closely  similar  to  a  specimen  the  writer  has  from 
the  depth  of  805  feet,  at  Moore's  Bridges  Norfolk 
water-works,  six  and  one-half  miles  eastward 
and  which  was  there  also  water-bearing.  J 


ARTESIAN   WELL    NEAR    NORFOLK,   VA.,    AT    MOORE'S   BRIDGES. 
BORED   FOR   THE   NORFOLK   CITY  WATER   DEPARTMENT. 

•Elevation,  10  feet;  depth,  1,760  feet. 
Diameter,  12  inches  to  780  feet 
Diameter,  10  inches  to  1,210  feet. 
Diameter,  8  inches  to  1,539  feet. 
Diameter,  6  inches  to  1,708  feet. 
Diameter,    \%  inches  to  1,760  feet. 

Water  flowed  over  the  surface  at  the  following  depths :  * 
At     738  feet  10  gallons  a  minute  ;  salt,  112  grains  per  gallon. 

The  interval  between  738  to  775  feet  is  described  as  containing  water  its  entire  depth. 

A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 


785  feet  35  gallons  a  minute.     Salt,  125  grains  per  gallon. 
805  feet  to  810  feet  25  gallons  a  minute.     Saline. 
950  feet  75  gallons  per  minute.     Slightly  salt 
975  feet  to  980  feet  10  gallons  per  minute.     Slightly  salt. 
985  feet  15  gallons  per  minute.     Slightly  salt. 
1,038  feet  25  gallons  per  minute.     Salt.  159  grains  per  gallon. 
1,072  feet  150  gallons  per  minute     Salt,  164  grains  per  gallon. 
1,190  feet  350,000  gallons  per  24  hours.     Fresh  at  first  but  afterwards 

became  salty. 
1,255  f'^^t  to  1,290  feet,  some  water. 
1,480  feet  good  flow  of  very  salt  water. 
1,510  feet  to  1,517  feet  salt  water  overflowed 
1,535  f'^ct  fait  water  overflowed. 

1,742  to  1,760  feet,  or  immediately  below,  there  was  evidently  a  water- 
yielding  horizon,  as  indicated  hy  the  sand  rising  up  in,  and  choking" 
the  casing,  doubtless  caused  by  strong  pressure  of  water  rising  and 
carrying  the  sand  with  it. 


*  In  a  well  drilled  some  years  previously,  on  the  same  premises,  to  the  depth  of  730  feet,  water 
obtained  that  flows  over  the  surface.  This  must  be  the  same  horizon  now  noted  at  738  feet.  The  water 
from  the  former  well,  we  have  been  informed,  "  has  262  parts  per  100,000  of  mineral  matter — 193  common 
salts,  52  soda,  7  lime  and  some  magnesia,  also   3  of  a  part  of  free  ammonia." 
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Beds  of  diatoms  and  sponge  spicules  occur  at  the  following 
depths : 

Bed  No.  I,  Diatoms  at 25  feet  to   65  feet.  }  pfe^tocene. 

Bed  No  2  J  Sponge  spicules  at     .   .   .    355    **    **  580    *'     ^ 

'i  Diatoms  at 580    **    **  625    *'      [  Miocene. 

Bed  No.  3.  Diatoms  at 665    *'    *»  685     '*     ) 

Dip  of  Miocene  strata  about  14  feet  per  mile. 
Dip  of  Cretaceous  strata  about  30  feet  per  mile 

During  the  years  1896-97-98  a  deep  artesian  boring  was 
made  at  Norfolk,  Va.,  for  the  water  department  of  that  city. 
The  well  is  located  at  Moore's  Bridges,  five  miles  eastward  from 
the  city.  Through  the  courtesy  of  the  contractor,  C.  L.  Parker, 
of  Ithaca,  N.  Y.,  and  of  George  W.  Wright,  chief  engineer  of 
the  water  department,  both  of  whom  have  an  appreciation  of 
geological  science,  we  have  been  furnished  with  specimens  of 
the  borings,  taken  ever\^  ten  feet  from  the  depth  of  25  feet 
downward,  and  also  with  records  of  strata  and  other  information. 
The  boring  was  made  by  the  use  of  the  drill  and  sand  bucket,  a 
process  which  furnishes  unusually  good  specimens  for  geological 
study,  much  better,  in  fact,  than  the  various  hydraulic  or  jetting 
methods  that  are  often  employed  in  drilling  through  soft  beds 
such  as  were  penetrated  by  this  well.  The  diameter  of  the 
boring  at  the  commencement  was  12  inches ;  this  was  suc- 
cessively reduced  to  10,  8,  6  and  4^  inches  at  the  depths  noted 
in  the  above  outline. 

The  various  depths  to  water,  its  quality  and  the  amount  of 
flow  in  each  instance,  are  as  tabulated  at  the  head  of  this  record. 
The  strong  flow  of  75  gallons  per  minute  at  950  feet,  doubtless 
represents  the  horizon,  the  top  of  which  was  met  with  at  the 
depth  of  920  feet  at  '' The  Chamberlin,''  at  Old  Point  Comfort,* 
eleven  miles  nearly  due  north  of  the  locality  of  this  well. 

From  a  careful  study  of  the  samples  of  earths  and  of  the  con- 
tained fossils,  both  macroscopic  {shells)  and  microscopic  {sponge 
spicules^  diatoms  and  foraminifera  and  coccoliths)^  supplemented 
by  information  contained  in  various  letters  from  G.  W.  Wright 
and  C.  L.  Parker,  the  author  is  enabled  to  present  the  subjoined 
detailed  record : 

*  Consult  record  of  the  well  at  Old  Point  Comfort,  Ann.  Rept.  Geol.  Survey,  N.  J.,  1898,  pages  122 
to  ia6. 
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Usual  surface  sand,  to i8  feet. 

Sand,  water-bearing, i8    **    to    21  feet. 

Bluish  clay,  With,  fossil  diatoms  and  numerous  sponge 
spicules  of  recent  geological  age  ;  also  one  spec  men 
of  a  small  Mactra^ 21     "    **     65 

Bluish  clay,  without  diatoms, 65    **    **     85 

Small  streak  of  gravel,  at  80  feet. 

Clayey  sand  and  gravel, 85    *'    **  105 

Pecten  Madisonius  Say,  at  105  feet. 

Clayey  sand  with  some  rather  large  white  quartz  peb- 
bles  small  echinus  spines^ J05    *'    **   115 

Clayey  sand, 115    **    *'  125 

Rangia*  cuneata  Gray  (=  Rangia  clathrodonta  Conrad) 
at  125  feet. 

Clayey  sand,  with  comminuted  shell  but  no  micro- 
organisms,      125    **    *'  165 

Fine    bluish    clay,   no    micro-organisms,  Pecten  Clin- 

tonius  Morton,  at  185  feet, 165    *'    '*  250 

Clay,  with  much  sand,  described  as  consisting  of  "10 
feet  of  shells,  each  shell  being  about  five  inches  in 
length,  the  boring  for  10  to  20  feet  would  not  stand 
up  to  drill  through.  The  shells  fell  in  and  had  to 
be  cased  off.** 250    **    *'  260 

Sandy  clay,  decidedly  darker  than  at  165  to  250  feet 
and  of  a  somewhat  greenish  cast,  no  micro- 
organisms,     260    **    **  285 

Twenty  feet  of  soft  clay,  which  'ran  up  into  the  well 

for  20  feet  or  so  till  cased  off  by  the  pipe,**    .   .   .   .285    **    '*  305 

Clay 305    *'    ••  310 

Ten  feet  of  very  sandy  clay  that  **  would  cave  in  and 

had  to  be  cased  off,  as  at  285  to  305  feet," 310    **    "320 

Sandy  clay,  no  micro-organisms,     320    *'    *'  355 

Note — No  micro-organisms   in  any  of  the   above 
beds  from  260  to  355  feet. 

Sandy  clay,  with  a  few  i^f?«^<f  5//V///^j, 355     '    "  375 

Fine  clay,  less  sandy,  sponge  spicules^  plentiful  through- 
out,       375    •*    ••445 

Fine  clay,   sponge  spicules,   but  less   plentiful      Some 

comminuted  5/^^// at  465  to  475  feet 445    "    **  485 

Fine  clay,  with  only  a  few  5/>c?w^^  j^/V«/^5, 485    *'    *"  505 

Fine  clay,  no  micro-organisms, 505    *'    **  555 

Fine  clay,  with  small  microscopic  black  objects,  either 

discs  or  globules,  nature  not  understood 555    *'    "  580 
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*  The  genus  Rangia  was  formerly  known  as  Gnathodoa,  a  name  that  U  now  relegated  to  the  synony- 
my, because  pre-occupied  in  another  group  of  the  animal  kingdom. 
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Fine  c'ay,  slightly  lighter  in  color,  described  by  the 
well  driller  as  "brown  mud,"  contains  marine  dia- 
toms throughout :  also  sponge  spicules  and  forami- 
ni/era^ 580  feet  to  605  feet. 

Fine  clay,  similar  to  next  above,  also  contains  diatoms, 
sponge  spicules  and  foramini/era,  but  with  the  addi- 
tion of  coccoliths; 605    "    * '  625     '  * 

Greensand  marl  (glauconite)  mixed  with  white  quartz 
sand  and  an  abundance  of  the  white  shells  of 
Textularia  2ind  oWitx  foraminifera^ 625    "     *'  635 

Dark  greenish  clay  with  foramini/era, 635    *  *    "  665 

Sticky,  hard  clay,  with  coccoliths  and  foraminifera^  also 

a  few  diatoms f 665    **    *'  685 

Similar  clay,  with  foraminifera  and  greensand  or  glau- 
conite grains  but  no  diatoms,  described  by  the 
driller  as  **  sand  gravel  and  marl." 685    *'    *    705 

* '  Sticky  bed '  *  of  lighter  colored  fine  clay,  with  for- 
aminifera^        705    **    *'  728 

Specimen  from  715  feet  showed  much  commi- 
nuted shell,  some  of  the  fragments  consist- 
ing apparently  of  fine  laminae  with  an 
irridescent  nacreous  lustre. 

Sand  seam,  a  small  flow  of  water ^  with  112  grains  of 

salt  per  gallon .      728    *  *    *  *  730 

Soft  clay  more  sandy,  with  much  comminuted  shelly     .  730    "    *'  735 

Seam  of  small  gravel, 735    '  *    "  745 

Water  flowed  at  7^8  feet,  salty. 

Very  sandy  greenish  clay, 1 

Water  at  740  to  750  feet y ' 

Comminuted  shell  at  755  to  765  feet ;  also  one  lower  [  '^^  ^  ^ 

valve  of  an  Exogyra.  J 

Gray  sand,  with  a  little  glauconite,  flow  of  water  at 

780  to  783  feet,  765    *•    '*  783 

All  the  sands  between  750  and  783  feet  are  said 
to  "have  run  into  the  well."     This  indi- 
cates an  abundance  of  water  between  these        • 
depths. 
Both  upper  and  lower  valves  of  several  indi- 
viduals of  the  two  following  raoUusks  were 
received  labeled  **  from  above  780  feet,"  to 
wit  numbers  of  specimens  of  a  small  young 
Exogyra,  surface  of  the  lower  or  convex 
valve    mostly  smooth ;    a    few.   however, 
showed  faint  costfe,  as  in  E.  costata,  Say  ; 
the  upper  or  flat  valves  are  rugose. 
And  small  or  3'oung  forms  of  Gryphea  vesicu- 
lar is  Lamarck. 
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"  White  sticky  clay.'*    No  specimen, 783  feet  to    785  feet 

Oray  quartzose  sand  without  any  greensand,  at  times 
claycv',  contains  water  at  j86  to  805  feet,  which 
flowed  over  the  surface  35  gallons  a  minute ; 

slightly  salt ^  J 2S  grains  per  gallon^ 785    **    \*      815     ** 

Decidedly  darker  gray  sand,  also  without  greensand,    815    *'    *'      835     " 

Lighter  colored  sand, 835    **    "      870      * 

Gray  very  sandy  clay,       870    **    "      890     *' 

'*  Black  sticky  mud,*'  so  described,  but  of  this  no 

specimen  was  received,      890    **    "      898 

Clayey  sands  or  alternations  of  sands  and  clays,    .     898    **    **      991 
Lignite  at  925  and  965  feet. 
Water  flowed  over  the  surface  at  950  feet  75 

gallons  per  minute,  slightly  salt. 
Water  also  flowed  over  the  surface  at  975 
to   980    feet    10    gallons    per   minute 
slightly  salt,  and  at  985  feet  15  gallons 
a  minute,  also  slightly  salt. 

Slightly  yellowish  sandy  clay, 991    *'    **  1.033 

Gray  sands,  water-bea  ing,      ^^02,^    '*    '*  i|07^ 

Water  flowed  over  the  surface  at  i  ,038  feet 
25  gallons  a  minute,  salty.  Pebbles  at 
1,060  and  1,070  feet.  Water  again 
flowed  over  the  surface  at  1,072  feet,  150 
gallons  a  minute ;  salt^  160  grains  per 
gallon. 

Gray  sands  and  clayey  sands, 1,078    '*    *'  1,120 

Darker  sandy  clays,  texture  fine  to  coarse,  contain 

no  micro-organisms,  . 1,120    **    "  1,160 

Heavy  pebbles  at  i,  130  feet. 

Coarse  gray  sand, 1,160    "    '*  1,190 

Lignite  at  1,160  feet. 

Heavy  pebbles  at  1,190  feet  from  which  water 
rose  to  the  surface  but,  it  is  said,  did 
not  overflow.  Quantity,  350,000  gallons 
per  24  hours  fresh  at  first,  afterwards 
became  salty. 
Reddish  and  reddish-yellow  clays  and  clayey  sands. 

Heavy  pebbles  at  1,210  feet, 1,190    '*    "  1,230 

Dark  fine  clay,  described  by  the  driller  as  "black 

marl."  but  it  is  not  a  greensand  marl 1230     *    "  1,255 

Sand,    slightly    yellowish-olive    in    color,    yielded 

"some  water," 1,255    **     *  1,290     ** 

*'  White  marl,"  (?)  so  described.  No  specimen  re- 
ceived,      1,290    '*    '•   I  295     ** 
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Reddish  and  yellowish  clays  and  sandy  clays  de- 
scribed as  "  red  marl,"  though  not  a  glauconite 

marl 1,295  feet  to  i  330lfeet. 

G.  W.  Wright  states  that  at  i  320  feet  he 
obtained  "  a  fossil  shell  with  a  peculiar 
curl  to  it  [an  Exo^yra] ,  and  had  sent  it 
to  Prof.  Darton,  who,  he  further  states, 
*•  was  surprised  at  its  occurrence  at  this 
point,"  a  surprise  in  which  the  present 
writer  also  shares. 
Alternations  of  sands  and  clayey  sands  varying  from 

whitish  to  yellowish  in  color      i  330    "    "  1.580     '* 

Heavy  pebbles  at  1,470  to  1,480  at  1,540  and 

1.570  feet. 
The   following    clay   seams,  of  which    no 
specimens  were  received,  were  described 
by  the  well-driller  for  this  interval,  viz. : 
Clay  seam,  i  356  to  1,358  feet. 
'  Blue  marl,"  (.•*)    1,400  to  1,410  feet. 
"Black  marl,"  (?)  1,557  to  1,560 
'*  Blue  marl,  (?)       1,568  to  1,571 
The  water-bearing  horizons  were  as  follows  : 
**  Good  flow,    very  salt  water,   at    1,480 
feet."     Flow  of  salt  water  at    1,510  to 
1,517  feet,  and  also  at  1,535  f*s^t. 

Dark  clay,  slightly  variegated,      ii58o    *'    *'  1,600 

Yellowish  or  slightly  reddish-yellow  coarse  sands 

and  clayey  sands, 1,600    "    "  1,680 

The  following,  of  which  no  specimens  were 
received,  except  one  at  1,680  feet,  were 
described  by  the  well  driller  : 

Blue  (marl  ?),  1,640  to  1,647  f^^^- 
Blue  (marl  ?),  1,650  to  1,654 
Blue  (marl  ?),  1,677  ^^  1,680 
The  specimen  at  i , 680  feet  shows  these  seams 
to  be  a  fine  non-glauconitic  clay,  which 
was  doubtless  blue  in  shade  when  wet, 
as  it  came  out  of  the  well. 
Dark,  coarse,  very  sandy  clay,  slightly  variegated 
with  red,  similar  in  most  respects  to  that  at 
1,580  to  1,600  feet,  but  coarser  and  more  sandy,  1,680    '*    "  1,700 
The    following    thin    seams,  of  which   no 
specimens  were  received,  are  dCvScribed 
by  the  driller  : 

Blue  (marl?),  1,683  ^o  1,685  ^^^^t. 
Marl  (?)  and  clay,  1,693  to  1,695  feet. 
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Reddish  variegated  clay 1,700  feet  to  1,742  feet. 

*  Sand,  which  ran  up  some  150  feet  or  more  into  the 

well    with  great   pressure,"    evidently  sttongly 

water-bearing 1,742    '*    **   1,760     ** 

No  specimen  was  received  of  this. 

Having  reached  the  depth  just  noted,  1,760  feet,  the  further 
drilling  was  discontinued  and  the  pipes  cut  at  certain  of  the 
water-horizons,  which,  in  passing  downward,  had  been  cased  off. 
This  permitted  the  water  to  enter  the  well  so  that  it  now%  we 
are  informed,  ''produces  by  natural  flow,  some  60,000  gallons 
of  water  each  day,  which  is  used  with  the  city  water-supply." 
Respecting  the  quality  of  the  water  from  various  depths,  C.  L. 
Parker  recently  writes,  'Marge  and  small  veins  of  water  were 
found,  some  flowing  and  some  non-flowing,  nearly  all  of  which 
were  more  or  less  saline  in  character,  but  otherwise  of  good 
quality."  After  noting  that  "a  flowing  water  at  730  feet  had 
112  grains  of  salt  per  gallon,  one  at  1,038  feet  had  159  grains  and 
another  at  1,072  feet  had  164  grains,  as  per  analysis  made  at 
Richmond."  He  states  that  "  a  gradual  reduction  in  the  amount 
of  salt  shows  as  time  passes." 

It  may  be  proper  to  state  respecting  the  occurrence  of  Exog>Ta 
that  Dr.  N.  H.  Darton,  in  a  communication  before  the  Geological 
Society  of  America,*  at  the  Montreal  meeting,  1889,  says : 
"The  fossils  from  the  depth  of  715  to  775  feet  were  all  of  one 
species,  which  is  a  small  Exogyra  precisely  similar  to  E,  Cos- 
tata^\  but  having  a  smooth  surface  and  showing  only  ver}'  faint 
costations.  They  var}'  in  length  from  Y^  inch  to  134!  inches. 
The  shell  from  1,320  feet  clearly  is  of  the  same  species,  and, 
although  it  is  claimed  by  the  drillers  there  can  be  no  mistake 
alx)ut  the  depth  stated,  I  do  not  feel  convinced  as  to  its  authority. 
However,  it  cannot  be  ignored." 

Three  beds  containing  diatoms  and  more  or  less  sponge  spicules 
have  been  revealed  by  microscopic  examination ;  two  of  these 
also  Qo\\i^\\\/ora?Ji in i/era ,  and  one,  the  lowest,  contains  coccoliths 
in  addition. 

The  first  of  these  beds  occurs  at  the  depth  of  21  to  65  feet, 
and  contains  an  assemblage  of  marine  diatoms  mixed  with  a  few 

*  Bulletin  Geological  Society  of  Ametica,  Vol.  IX.  pages  414  to  416,  Discovery  of  Marine  Cretaceous 
in  a  boring  at  Norfolk,  Va.     N.  H.  Darton. 

f  As  recorded  above,  our  specimens  from  doubtle<s  the  same  horizon  showed,  associated  with  the 
Exogyra,  also  Gryphea  vesicularis. 
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fresh-water  species.  It  also  contains  a  mixture  of  recent  dia- 
toms, such  as  are  now  living  on  the  Atlantic  coast,  and  also  of 
Miocene  fonns  which  have  probably  been  contributed  by  the 
erosion  and  re-deposition  in  geologically  recent  times  of  Miocene 
clays.  These  peculiarities  have  also  been  noticed  by  the  writer 
as  pertaining  to  a  deposit  shortly  below  the  surface  of  the  Dis- 
mal Swamp.*  The  bed  is  probably  continuous  between  the  two 
localities.  The  presence  of  Triceratiiim  favns^  Ehr.,  a  diatom 
which  does  not  occur  in  the  Miocene,  indicates  a  recent  age  for 
this  bed.     It  is  probably  late  Pleistocene. 

The  second  infusorial  bed  occupies  the  interval  between  the 
depths  of  355  and  625  feet,  and  presents  three  phases  or  sub- 
divisions, as  follows : 

At  355  to  580  feet,  sponge  spicules  only. 

At  580  to  605  feet,  diatoms,  sponge  spicules  and  foraminifera. 

At  605  to  625  feet,  diatoms,  sponge  spicules,  foraminifera  and  coccoliths. 

The  assemblage  of  diatoms  includes  the  characteristic  forms 
especially  indicative  of  the  great  300  to  400-foot  Miocene  diatom 
bed  of  the  Atlantic  coastal  plain. 

The  third  diatom  bed  is  sparingly  diatomaceous.  It  occurs 
between  the  depths  of  665  and  685  feet  and  probably  marks  the 
division  line  between  the  Miocene  and  the  underlying  Eocene 
formation. 

After  a  final  careful  comparison  of  the  specimens  of  the 
borings  with  the  above  record,  which,  as  already  stated,  has 
been  made  from  a  separate  study  of  each  specimen  and  com- 
parison of  the  same  with  several  descriptions  received  from 
those  who  personally  supervised  the  drilling,  the  writer  con- 
siders the  various  beds  penetrated  by  this  well  as  the  equivalent 
of  and  extension  southward  of  the  following  geological  subdi- 
\dsions  known  and  heretofore  described  by  Prof  G.  H.  Cook  and 
others  as  underlying  southern  New  Jersey.  The  intervals  of 
depth  occupied  by  each  of  these  divisions  is  noted  on  the  right. 


*  Proceedings  of  the  Academy  Natural  Sciences,  Philadelphia,  1898,  pages  433  to  427.  Fossil  MoU 
Insks  and  Diatoms  from  the  Dismal  Swamp,  Va.  and  N.  C  ,  &c.  Lewis  Woolman  with  Notes  on  the 
Diatoms.    C.  S.  Boyer. 
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Intervals  of  depth. 

Pleistocene,  Recent o  feet  to      65  feet. 

Miocene 65    "    *'      625     " 

Miocene  mollusks  clearly    defined  at  105, 
125,  185  feet,   and  probably  at  250  feet, 
&c. 
Sponge  spicules  at  355  to  585  feet. 
Characteristic  Miocene  marine  diatoms  at 

585  to  625  feet. 
(See  details  in  record  above.) 

Eocene, 1 

f  Rancocas }    625  feet  to    7'5  feet. 

j  Matawan,  with -fi'A-^T^jj/ra  and  6^n'^/f<?a.    715  "  "    783  ** 

Cretaceous,   -j  Matawan  (?)  or  Raritan  (?),      ...     783  **  **  1,320  '* 
I          Exogyta  at  1,320  (?) 

I —Raritan  (&c.  ?) '.1,320  **  **  1,740  " 

Tii'o  other  wells  have  been  put  down  in  recent  years  in  this 
region,  one  on  either  side  of  the  James  river,  from  each  of  which 
the  writer  has  an  ample  series  of  specimens  of  the  borings  which 
have  been  nsed  for  comparison  with  those  from  this  well.  One 
of  these  wells  is  at  Lambert's  Point,  a  short  distance  north  of 
Norfolk,  (see  record,  page  87,)  and  the  other  at  the  Hotel  Chani- 
berlin.  Old  Point  Comfort,  adjacent  to  Fortress  Monroe.* 

On  comparing  the  borings  from  Old  Point  Comfort  and  those 
to  the  depth  of  950  feet  in  this  well  at  Moore's  Bridges,  Norfolk, 
there  is  found  to  be  considerable  correspondence  in  the  succes- 
sion of  strata,  with,  however,  but  little  variation  in  depth  to  cor- 
responding changes  in  material,  say  not  over  from  25  to  50  feet, 
the  depths  being  the  greater  at  Norfolk.  The  Old  Point  Com- 
fort well  is  eleven  miles  slightly  west  of  north  from  the  Moore's 
Bridges  well,  while  the  strike  of  the  beds  is  probably  nearly 
north  and  south.  In  this  connection  we  may  note  that  the  great 
Miocene  diatomaceous  bed  of  the  Atlantic  coastal  plain  occurs 
at  tlie  following  depths  in  these  wells,  viz.,  in  the  Old  Point 
Comfort  well  at  530  to  560  feet,  in  the  Norfolk  Moore's  Bridges 
well  at  5S0  to  625  feet. 

On  comparing  the  borings  from  this,  the  Moore's  Bridges,  and 
the  Lambert's  Point  wells,  there  is  also  seen  to  be  a  close  corres- 
])()ndence,  lithologically,  in  the  succession  of  the  materials  pene- 
trate, but  a  decided  difference  in  tlie  de])ths  to  corresponding 

*  Annual  Report  Geol.  Survey  of  N.  J.,  189S,  page  122. 
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changes,  the  depths  being  much  greater  at  Moore's  Bridges  and 
about  twice  greater  for  the  lower  one-third  next  above  the  depth 
of  900  feet  than  for  the  middle  one-third. 

These  two  wells  are  approximately  east  and  west  of  each 
other.  The  comparisons  show  that  the  lower  portion  of  the 
Miocene  beds  dip  about  100  feet  between  the  two  localities,  or 
about  14  feet  per  mile  eastward.  Similarly  the  underlying  Rip- 
ley Cretaceous  beds  dip  some  200  feet  or  more,  or  about  30  feet 
per  mile,  likewise  eastward. 

Below  we  correlate  the  beds  in  these  two  wells,  stratum  for 
stratum.  The  depths  at  Lambert's  Point  are  as  marked  on  each 
specimen,  all  the  specimens  being  described.  Those  noted  at 
Moore's  Bridges  are  also  as  they  were  marked  when  received, 
but  have  been  selected  from  among  numerous  others  at  various 
intervening  depths  as  most  nearly  resembling  those  from  Lam- 
bert's Point. 

Depths  at  Lambert's  Depths  at  Moore's 

Point.  Bridges. 

Yellowish  sands  .  o  to  17  ft,  equivalent  to  specimens  from  o  to  18  ft. 
Blue  clay,   .   .'  .   .    17'*    44  "  *'  *'  "       21  **    65  '* 

Gray     micaceous 

sand    with    shell 

fragments,  ...    44  **  183  " 
Greenish     gray 

sandy  clay,    .   .  183  *'  191  ** 
Gray     micaceous 

sand, 191  '*  233  " 

Fine    sand   and 

clay, 233  •'  264  *' 

Gray  clay,  ...  264  **  286  " 
*  Fine    gray    sand 

with5A^//,   .   .   .286  •'  355  " 
Gray  clay,  ....  355  "  m  "  "  "  at  475  " 

♦Fine  gray  sand,  .  t^jj  **  397  ** 
Dark  gray  clay,  .  397  '*  407  " 
Gray  sand  mixture 

of  glauconite 

sand     and   fora- 

miniferal   shells,  ^orj ''  526  "  "  '*  at  625  ** 


1 1 


1 1 


1 1 


1 1 


1< 

.  at                205 

it 

(< 

from  260  **  285 

1 1 

it 

at            "  315 

1 1 

It 

from  325  '*  345 

1 1 

It 

of                             -fQ^ 

it 

♦The  specimens  received  from  the  depths  marked  286  to  355  feet,  377  feet,  and  397  to  407  feet  wet 
too  minute  and  unsatisfactory  for  correlation. 
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Excepting  the  first  50  or  65  feet,  which  probably  repre- 
sents the  Pleistocene,  the  strata  noted  above  are  mainly  Mio- 
cene in  age. 

The  strata  noted  beneath  represents  the  Cretaceons,  and  judg- 
ing by  the  fossils,  mainly  the  Matawan  or  Ripley  division 
thereof.  The  Miocene  interv-al  of  150  feet  between  the  depths 
of  475  feet  and  625  feet  at  Moore's  Bridges,  which  includes  the 
great  Miocene  diatom  bed,  seems  wanting  at  Lambert's  Point. 
This  indicates  considerable  unconformity  between  the  Miocene 
and  the  underlving:  Cretaceous. 


Depth  at 
Lambert's  Point. 

Depth  at 
Moore's  Bridges 

526  to  534  feet, 

equivalent  to  specimen  at  735  feet. 

534    "  540     '* 
540   '*  563     " 

563  "  564     " 

564  "  568     •• 

568  to  603    •  • 

•'755    •' 

t  (                                           It                           it    ^£i  „         t  i 

Small  gravel,  . 

*Rock  stratum, 

Gray  clay,     .   . 

*Rock  stratum. 

Gray  clay.     .   . 

*Rock  stratum, 

Ripley  or  Mata- 
wan fo  ssils 
from,  ....      563  "608    "     equivalent  to  fossils  from  715  to  780  feet 

*Small  gravel  in 
coarse  sand,  .   .  603  **  606    " 

Rock  stratum,     .  606  *'  610    " 

Gray  sand  mica- 
ceous, exactly 
i  d  e  n  t  i  c  a  1  at 
both  places,     .  610  '*  616    ''  *'  '*         "  805     ** 


Sec«  2.    Wells  in  Miocene  Strata* 


ARTESIAN   WELL   AT   BRIDGETOX. 

Elevation,  40  feet ;  diameter,  6  inches  ;  depth,  126  feet 
Water  lises  within  66  feet  of  the  surface. 

Joseph  W.  Pratt  furnishes  the  follo\vin<^  record  of  strata  in  a 
well  1x)red  by  him  at  the  Cnnil^erland  county  asylum,  near  the 
old  fair  grounds,  at  Bridgeton  : 

•  There  were  no  rock  nor  gravel  specimens  from  the  Moore's  r>ridges  well  with  which  to  correlate 
these  litholgically. 
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Surface  and  yellow  gravel, o  feet  to    12  feet. 

Yellow  loam  and  sand, 12  "  "     78 

Sand,  color  of  brown  sugar, '. 79  *'  **     88 

White  pebbly  gravel, 88  **  *'     92 

Slightly  water-bearing ^  at  70  to  g2/eet. 

Light  brown  quicksand, 92  '*  "118 

Open  quality  sand,  color  of  brown  sugar,  z^a/^r-^^flrt'w^,  118  "  "126 


« i 
« I 

<  ( 


This  well  was  finished  with  an  8-foot  strainer  at  the  base. 
The  quality  of  the  water  is  said  to  be  excellent,  and  there  is  also 
said  to  be  plenty  of  it,  as  a  test  was  made,  when  40  to  50  gallons 
a  minute  were  pumped,  this  amount  being  up  to  the  capacity  of 
the  pump  used. 

The  location  is  not  far  from  that  of  a  well  put  down  at  the 
residence  of  Orlando  Cook,  on  the  western  border  of  Bridgeton,* 
and  which  was  abandoned  at  the  depth  of  90  feet,  because  of  the 
small  amount  of  water  obtainable,  which  water  was  first  noted 
at  the  depth  of  80  feet.  The  same  scant  water-supply  was  found 
in  this  well  at  an  equivalent  depth — the  surface  at  both  wells 
being  said  to  be  of  about  the  same  elevation. 

No  specimens  of  the  borings  were  preserved,  and  without 
these  the  writer  would  not,  with  present  data  in  hand,  venture 
to  certainly  determine  the  geological  age  of  all  the  strata 
penetrated,  but  as  the  lowest  of  these  are  possibly  Miocene,  he 
includes  it  under  the  heading  of  ^^  wells  in  Miocene  strata.'' 
The  more  shallow  well  of  1893  was  reported  under  the  heading 
of  ^^  Wells  in  the  Superficial  Strata.'' 

ARTESIAN   WELL   AT  CEDARVILLE. 

Elevation,  15  (?)  feet ;  diameter,  3  inches  ;  depth,  93  feet. 
Water  rises  within  12  feet  of  the  surface. 

Haines  Bros,  report  a  well  bored  by  them  for  John  H.  Dia- 
ment,  at  Cedarville,  Cumberland  county,  eight  miles  south  of 
Bridgeton.  Its  depth  is  93  feet.  Haines  Bros,  say  the  material 
passed  through  was  all  white  sand  to  the  bottom,  where  a  black 
clay  was  touched.  Water  was  first  found  at  a  depth  of  20  feet 
and  continued  the  rest  of  the  way  down. 

The  black  clay  touched  at  the  bottom  was  probably  ^Miocene 
clay.     The  water-bearing  sand  is  probably  also  of  Pliocene  age, 


*  Erroneously  stated  to  be  at  East  Bridgeton  in  the  Annual  Report  for  1893,  page  418. 
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and  if  so,  the  horizon  would  seem  to  be  the  same  as  supplies 
wells  at  Weymouth  (depth,, 40  feet,  elevation,  25  feet),  and  Mays 
Landing  (depth,  196  feet,  elevation,  20  feet). 


WEtL   AT  GREENBANK,    N.  J. 

Elevation    20  feet ;  depth.  54  feet 
Water  rises  10  feet  above  high  tide. 

This  well  is  located  on  the  banks  of  the  MuUica  river  at  the 
store  of  Wm.  Sooy,  who  some  years  since  furnished  the  writer 
the  record  below : 

Total 
Thickness  Depth. 

Gravel  and  sand,  with  hard  water,  to 13  feet  =  13  feet 

Clay, 20     •=  33    '• 

Black  clay, 5  feet  to  12    **    =45    " 

Gravel  with  water  to 54     * 

It  may  be  remarked  that  a  black  tcfiaceoiis  clay  outcrops  at 
Herman  City,  also  on  the  Mullica  river,  one  mile  westward. 


ARTESIAN  WELL  AT  SMITH'S   LANDING. 

Elevation,  30  feet ;  diameter,  6  inches  ;  depth,  704  feet. 

This  well  was  prospected  beyond  this  to  the  depth  of  715  feet. 

Water  rises  to  within  17  feet  of  the  surface. 

During  the  summer  Uriah  White  put  down  a  well  at  the 
Atlantic  county  asylum,  near  to  and  south  of  Smith's  Landing, 
the  location  being  more  accurately  stated  as  at  Dolphin  station, 
on  the  branch  railroad  from  Pleasantville  to  Somer's  Point. 
The  depth  of  the  well  as  finished  is  704  feet,  though  the  boring 
was  prospected  beyond  this  to  715  feet,  where  the  top  of  a  clay- 
stratum  was  found.  The  top  of  the  water-bearing  sands  occur 
at  640  feet.  The  well  is  six  inches  in  diameter  and  is  finished 
at  the  base  with  a  4V2-inch  strainer  41  feet  in  length.  This 
draws  water  from  between  the  depths  of  663  and  704  feet.  The 
water  rises  to  within  17  feet  of  the  surface.  When  pumped  at 
the  rate  of  100  gallons  a  minute  the  water  level  was  lowered  to 
23  feet  from  the  surface,  but  quickly  rose  again  to  17  feet  when 
the  pumping  was  stopped.     The  water-horizon  is  the  equivalent 
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of  that  which  we  have  heretofore  designated  as  the  Soofoot 
horizon  at  Atlantic  City,  which  is  four  miles  to  the  eastward^ 
neariy  directly  on  line  with  the  natural  dip  of  the  beds. 

Through  the  courtesy  of  the  contractor  and  his  assistants  we 
have  been  furnished  with  a  full  series  of  the  borings  taken  every 
10  feet  in  depth  all  the  way  down.  From  an  examination  of 
this  series,  supplemented  by  considerable  information  verbally 
obtained,  we  make  the  subjoined  record." 


}  Age  (?) 


Loamy  soil  underlaid  by  yellow  gravel,    o  feet  to    15  feet.  J-  Recent. 
Yellowish  sands,   ranging  from  fine  to 

very  coarse    sand  and   fine  gravel,  15    *      **  173 
Yellow  sandy  clay  seams  at  40 

to  45  feet. 
Decidedly  orange-colored  coarse 

sand  at  140  to  160  feet. 
Clay  streaks  at  161  to  173  feet. 

Dark  clay, 173    '*     *'  180 

Alternations  of  sands,  clayey  sands,  and 
sandy  clays  all  brownish  in  shade 
and  varying  from  fine  to  medium  • 
in  quality.     No  micro-organisms,    .180    "     **  310 
Decidedly  sandy  clay  at  280  to 
300  feet. 
Nearly  solid  clay  bed  containing  diatoms 

and  some  sponge  spicules  throughout,  310    * '     * '  570 
Sand  with  shell,  420  to  430  feet. 
Diatoms  especially  plentiful  be- 
tween 490  to  570  feet. 
Comminuted  shell,   560  to   570 
feet. 
Loose  rock   described  as  boulders,  at  .    . 
Alternations  of  clayey  sands  and  sandy 
clays  ;  no  diatoms  nor  other  micro- 
organisms,     570 

Water  bearing  sands  decidedly  coarse  at 

the  bottom, 640    '•     "  715 

Clay  beneath, 715 


II 


t  > 


I  ( 


It 


570 


640 


-  Miocene. 


The  upper  or  the  great  diatom  bed  of  the  Atlantic  coastal 
plain  Miocene  deposits  is  260  feet  thick  in  this  well,  and  occu- 
pies the  interval  between  the  depths  of  310  and  570  feet.  In 
this  connectioif  we  may  state  that  well-borings  at  Wildwood,* 


*  Annual  Report  Geol.  Survey,  N.  J.,  1894,  foot  of  page  164,  Diatom  bed  No.  4,  at  Wildwood. 
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N.  J.,  and  at  Lewes,*  Del.,  have  revealed  at  those  places  a  lower 
diatom  bed  within  the  Miocene  and  about  200  feet  below  the  base 
of  this  bed.  This  second  or  lower  bed  probably  exists  beneath 
this  locality  and  also  Atlantic  City,  but  at  a  still  lower  depth 
than  the  horizons  (the  700  and  the  800-foot  Atlantic  City  hori- 
zons) that  are  utilized  for  water-supply,  and  for  the  same  reason 
has  therefore  not  been  reached  by  the  numerous  borings  along 
the  coast  from  Brigantine  to  Avalon,  these  having  been  made 
only  to  the  depths  of  these  two  (700  and  800-foot)  water-hori- 
zons. 

It  was,  however,  probably  penetrated  by  two  extra  deep  bor- 
ings at  Atlantic  City  that  were  at  first  unsuccessfully  made,  so 
far  as  obtaining  water  was  concerned,  to  the  depths  of  about 
1,100  and  1,400  feet  in  the  early  efforts  to  obtain  water  there,  as 
stated  in  the  Annual  Reports  for  1887,  page  26 ;  1888,  pages  72 
to  75,  and  1889,  pages  89  to  99,  the  latter  with  an  illustrated 
vertical  section.!  The  existence,  however,  of  this  second  or 
lower  diatom  bed  was  not  then  learned,  probably  for  the  reason 
that  specimens  of  the  borings  covering  this  interval  were  not 
preserved. 


ARTESIAN   WELLS   AT   ATLANTIC  CITY,    N.  J. 

At  The  Traymore, Depth,  830  feet 

At  The  Waldorf-Astoria,  .   .  Depth.  837  feet. 
At  the  Gas  Works,     ....  Depth,  790  feet. 

Deep  wells  have  been  put  down  at  Atlantic  City  during  the 
past  year  at  The  Traymore,  at  The  Waldorf-Astoria  and  at  the 
Gas  Works. 


«  Annual  Report  Geol.  Survey,  N.  J.,  page  89,  Marine  Fossil  Diatoms  at  Lewes,  at  the  depths  oi 
x,ooo  to  z.oaofeet. 

t  Noted  also  with  illustrated  vertical  section  in  Proceedings  of  the  Academy  of  Natural  Sciences, 
1890,  pages  Z33  to  147,  Geology  of  Artesian  Wells  at  Atlantic  City,  by  Lewis  Woolman. 

Both  of  these  wells  afterward  obtained  water,  one  of  then,  on  the  meadows,  by  parting  the  casii^  and 
opening  the  8oo-toot  water«horizon,  and  the  other,  at  the  gas  works,  by  withdrawing  the  casing  a  short 
distance  and  opening  a  water-horizon  still  deeper,  but  one  the  exact  depth  of  which  ha«  not  been  cer- 
tainly learned.  In  the  Annual  Report  for  1889,  its  depth  was  stated  to  be  at  z,i3i  feet,  and  in  the  Annnal 
Report  for  1 89-,  this  depth  was  revised  and  stated  to  be  probably  at  about  925  feet.  A  deep  weU  at 
Young's  ocean  pier,  in  process  of  boring  as  this  goes  to  print  and  which  has  reached  a  depth  ot  about 
1,500  feet,  shows,  however,  that  probably  neither  of  these  statements  is  corrept  It  is  hoped  this  well, 
when  finished,  will  reveal  its  true  depth.  This  boring  also  shows  that  the  records  furnished  the  survey 
of  the  first  two  deep  wells  is  more  or  less  incorrect.  An  entire  revision  of  the  vertical  section  beneath 
the  depth  of  850  feet  is  needed,  but  must  be  left  for  the  future,  however. 
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From  Uriah  White,  who  put  down  all  three  of  these  wells,  we 
have  received  data  respecting  them,  which  we  report  below,  the 
succession  of  strata  penetrated  being,  of  course,  identically  the 
same  as  has  been  heretofore  frequently  noted  in  these  annual 
reports  for  other  wells  at  this  locality.  Those  especially  inter- 
ested can  consult  these  reports  for  the  years  from  1889  to  1898 
inclusive. 

At  the  Traymorc. 

Elevation,  10  feet  -f ;  diameter,  6  inches  ;  depth,  830  feet. 

Water  rose  to  the  surface,  but  did  not  overflow. 

Was  pumped  225  gallons  a  minute,  lowering  the  water  to  11  feet 

from  the  surface. 

Uriah  White,  the  contractor,  furnishes  the  information  tabu- 
lated above.  The  well  draws  from  the  800-foot  Atlantic  City 
water-horizon. 

At  the  Waldorf-Astoria^  at  Beach  End  of  Ocean  Avenue, 

Elevation,  10  feet ;  diameter,  6  inches  ;  depth,  837  feet. 

Water  rose  to  the  surface,  but  did  not  overflow. 

The  well  was  pumped  140  gallons  a  minute,  lowering  the  water  8  feet 

below  the  surface. 

Uriah  White  also  furnishes  the  information  tabulated  above. 
This  well  likewise  draws  from  the  800-foot  Atlantic  Citv  water- 
horizon. 

At  the  Gas  IVorks^  Corner  of  Michigaii  and  Arctic  Avenues, 

Elevation,  10  feet ;  diameter,  6  inches  to  505  feet ;  4>^  inches  to  720  feet ; 

3  inches  to  790  feet  ;  depth,  790  feet. 

Water  barely  overflowed  at  the  surface 

Was  pumped  100  gallons  a  minute,  lowering  the  water  to  20  feet 

from  the  surface. 

This  well  had  been  sunk  with  a  six-inch  bore  previously  to 
1888,  by  another  well-driller,  to  the  depth  of  505  feet  and 
abandoned.*  Uriah  White  continued  the  boring  the  present 
year  to  the  depth  of  790  feet,  finishing  it  at  the  bottom  with  a 
strainer  50  feet  in  length  and  procuring  a  satisfactory  supply  of 

*  No  record  of  this  old  well  has  heretofore  appeared  in  these  annual  reports. 
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good  water  from  the  *'  Soofoot ''  Atlantic  City  Miocene  water- 
horizon.  The  wells  at  Atlantic  City  var\'  in  depth  in  accord- 
ance with  the  dip  seaward  and  the  depth  to  which  they  are  con- 
tinued into  the  water-bearing  sand,  which  is  about  60  to  80  feet 
thick.  The  variation  in  depth  ranges  from  a  minimum  of 
about  750  feet  on  the  meadows  to  a  maximum  of  about  860 
feet  on  the  beach  front. 


ARTESIAN   WELL   NO.    IV,    AT   OCEAN  CITY. 

Elevation,  5  feet  -f  ;  diameter,  8  inches  ;  depth,  830  feet. 
Rock  band,  2  feet  thick,  at  629  feet,  below  which  the  diameter  was 

reduced  to  6  inches 
Water  overflowed,  but  amount  not  ascertained. 

There  are  now  at  Ocean  City  four  artesian  wells,  all  belonging 
to  Ocean  City  Water  Company  and  all  drilled  by  Uriah  WTiite. 
This,  the  fourth  well,  was  put  down  during  the  early  summer. 
All  the  wells  are  located  on  the  west  side  of  the  Pennsvlvania 
Railroad  Company's  track,  and  are  distributed  between  Eleventh 
and  Fourteenth  streets,  each  being  a  few  hundred  feet  apart ;  this, 
the  fourth  one,  being  about  500  feet  south  of  well  No.  III.  The 
diameter  of  well  Xo.  IV  is  8  inches  to  the  depth  of  629  feet, 
where  a  rock  band  about  2  feet  thick  was  encountered,  below 
which  the  boring  was  reduced  to  six  inches.  The  well  has  a 
total  depth  of  830  feet  and  was  finished  with  a  50-foot  slotted 
pipe  that  answers  as  a  strainer  at  the  bottom. 

The  water  overflows  at  the  surface,  but  on  account  of  the 
heavy  and  nearly  continuous  pumping  from  the  other  wells,  its 
amount  could  not  be  ascertained.  The  beds  penetrated,  as  should 
be  expected,  were  essentially  the  same  as  in  the  fonner  wells,  for 
the  stratigraphical  record  of  which  the  interested  reader  is 
referred  to  the  Annual  Reports  for  1892,  1893  ^^^^  1896. 

We  may,  however,  mention  that  in  this  well  a  black  or  ven* 
dark  clay  was  observed  at  3CX)  to  330  feet,  below  which  was  a 
4ofoot  bed  of  sand  to  the  depth  of  370  feet,  where  the  top  of 
the  great  3cx>foot  diatom  clay-lx^d  that  occurs  beneath  the 
Atlantic  coastal  plain  was  met  with. 
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ARTESIAN  WELL  AT  SEA   ISLE  CITY. 

Elevation    10  feet ;  diameter,  6  inches  ;  depth.  825  feet. 

Water  rises  within  one  foot  of  the  surface. 

Fossil  mollusks  at  the  depth  of  795  feet. 

In  the  spring  of  1898  Uriah  White  finished  the  sinking  of  a 
six-inch  well  at  Sea  Isle  Citv. 

This  well  has  a  depth  of  825  feet  and  is  finished  with  a  70 
foot  strainer  at  the  base.  A  rock  stratum  was  met  with  at  690 
feet,  and  the  top  of  the  water-horizon  at  730  feet.  The  well 
has  a  natural  overflow  of  60  gallons  a  minute.  The  water-hori- 
zon utilized  is  probably  the  equivalent  of  the  8oofoot  Atlantic 
City  Miocene  horizon. 

We  have  been  favored  by  the  contractor  with  samples  of  the 
borings.  One  specimen  from  the  depth  of  795  feet,  a  grayish, 
medium,  coarse,  free  sand,  without  any  mixture  of  clay,  contains 
exceedingly  great  numbers  of  the  shells  of  two  small  bivalves, 
with  the  nacreous  lustre  as  well  preserved  as  it  is  on  the  small 
clam  shells  that  may  now  be  picked  up  on  the  beach.  The 
species,  however,  are  diflferent  from  those  of  the  present  day. 

These  shells  have  been  referred  to  Dr.  W.  H.  Dall,  who  writes 
as  follows : 

^'  One  is  an  Ervilia  not  far  from  E,  concentrica  Gould,  but  a 
distinct  species.  The  other  is  a  Crassinella^  but  not,  I  think,  the 
genuine  C  luniilata  Conrad,  though  allied  to  it.  It  is  very  like 
some  I  have  named  luniilata  in  the  past,  but  I  am  now  in  doubt 
as  to  whether  the  determination  was  correct.  Conrad^s  species 
came  from  Suflfolk,  Va.,  and  as  all  the  species  are  closely  related, 
it  will  take  a  close  study  to  determine  them,"  for  which  he  fur- 
ther states  time  is  not  now  at  command. 

Associated  with  these  bivalves  were  a  very  few  univalve  or 
gastropod  shells,  which  time  does  not  permit  us  to  identify. 

From  a  well  at  the  same  place,  reported  in  the  Annual  Report 
for  1896,  page  176,  the  same  two  specific  forms  of  bivalves  were 
obtained  from  the  depth  of  805  feet,  doubtless  representing  the 
same  bed.  This  shell-deposit  is  within  the  water-bearing  sands, 
but  toward  their  base. 
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ARTESIAN   WELL  AT   MAHON   RIVER,   DEL. 

Elevation  5  feet  4-  ;  depth  3*  o  feet. 
Water  rises  16  feet  above  tide. 

From  I.  A.  Harrison,  of  Tilghman,  Md.,  we  learn  that  in  the 
year  1897  he  bored  a  well  near  the  mouth  of  Mahon  river,  Dela- 
ware, on  Delaware  bay,  to  the  depth  of  350  feet,  where  he  says 
he  found  **a  hard  sand  almost  like  stone,  which  afforded  an 
abundance  of  water  of  excellent  quality,  which  flowed  16  feet 
above  tide-level.^^  He  also  furnishes  the  following  descriptive 
record : 

Sand  and  clay,  surface  to 200  feet. 

Solid  green  clay, 200  feet  to  350    *' 

Then  hard  sand,  water-bearing. 

The  water-horizon  is  doubtless  in  the  Miocene. 

In  the  Annual  Report  for  1893,  page  401,  there  is  a  record  of 
a  well  at  this  locality  with  a  depth  of  only  206  feet,  thus  showing 
two  water-horizons  at  this  locality. 

ARTESIAN   WELL   AT   BOWER^S   BEACH,   DEL. 

Elevation,  5  feet  -f  ;  diameter,  ^}4  inches  ;  depth,  500  feet. 
Water  at  240  feet  that  rises  2  feet  above  tide-level.     Very  little  water 

lower  than  240  feet. 

I.  A.  Harrison  also  infonns  that  he  has  bored  a  well  at 
Bower's  Beach,  Delaware,  about  eight  miles  south  of  Mahon 
river.  This  location  is  on  the  Delaware  bav,  at  the  mouth  of 
the  Murderkill  creek. 

He  states  that  at  the  depth  of  240  feet  he  found  water  that 
rose  about  two  feet  above  tide-level  and  that  yielded,  by 
pumping,  about  20  gallons  a  minute.  It  is  said  this  lx>ring  was 
prospected  to  the  depth  of  500  feet  and  that  Init  very  little  addi- 
tional water  was  obtained  below  the  240-fo()t  horizon.  The  water- 
horizon  of  this  well  is  pro1)al)ly  in  the  Miocene.  Had  the  well 
been  prospected  a  short  distance  further,  it  is  probable  tlie  hori- 
zon met  with  at  Mahon  river  at  tlie  deptli  of  350  feet,  as 
noted  in  the  preceding  record,  would  have  l)een  found. 
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FIVE   ARTESIAN   WELLS  TWO    MILES   NORTHEAST   OF 

MADISON,    MD. 

Elevation,  5  feet  -f  (?)  ;  depth,  320  feet. 
Wates  rises  about  4  feet  above  tide 

The  locality  of  these  wells  is  near  Madison,  Md.,  and  about 
eight  miles  southwest  of  Cambridge  and  near  Little  Choptank 
bay,  on  the  Chesapeake  side  of  the  eastern  shore  peninsular  part 
of  Maryland. 

The  wells  were  put  down  by  I.  A.  Harrison,  of  Tilghman,  Md.^ 
who  furnishes  from  memory  the  following  record,  which  may  be 
regarded  as  approximately  correct : 

Sand, 20  feet  =    20  feet. 

Thin  stratum  of  shells,  hard  packed. 
Sandy  clay,     60    '*    =    80    '* 

Soft  stone  streak. 
Sandy  clay,     10    *'    =    90    ** 

Harder  stone  streak. 
Sandy  clay, 20    **    =  no    *' 

Very  hard  stone  streak. 

Clay, 190    **    =  300    '* 

Sand,  water-bearing, 20    **    =320     '* 

The  water-horizon  opened  is  doubtless  the  same  as  that  de- 
veloped by  an  artesian  at  Cambridge,  at  the  depth  of  360  feet> 
as  incidentally  noted  in  the  Annual  Report  for  1890,  page  275^ 
last  paragraph  but  one. 

ARTESIAN    BORING   AT   DELMAR,    DEL. 

Depth,  402  feet. 

In  the  year  1885  the  Delaware  division  of  the  Philadelphia^ 
Wilmington  and  Baltimore  Railroad  Company  had  a  well  drilled 
at  their  station  at  Dehnar,  Del.,  to  the  depth  of  402  feet,  when 
the  work  was  abandoned  without  having  obtained  a  supply  of 
water. 

Of  this  boring  the  writer,  in  the  early  90's,  obtained,  at  the 
company's  office,  at  Clayton,  Del.,  copies  of  three  records  which 
had  been  separately  kept  by  three  of  the  company's  civil  engi- 
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neers  who  had  been  interested  in  the  work.  No  specimens, 
however,  of  the  borings  had  been  preserved,  and  nntil  the 
writer  came  recently  to  study  the  record  and  specimens  from 
a  well  four  miles  south,  at  Salisbur}',  Md.,  he  was  unable  to 
harmonize  the  three  records. 

It  is,  however,  now  found  that  all  three  records  are  in  substan- 
tial agreement  and  differ  only  in  that  the  three  observers  each 
noted  and  described  separate  phases  of  the  strata  and  at  different 
depths. 

Below  we  present  a  revised  record  compiled  from  the  three 
records  already  noticed : 

Fine  sand  at      48  feet. 

Coarse  sand, 48  to    85    *  * 

Water  at  80  feet. 
Sand 85  •*  136    '• 
White  sand  and  soft  sand  (rode?),    136  "  157 

Black  sandy  clay 157  •*  168 

Sand,  gravel  and  pebbles  ;  sand  at  top  and  bottom,  reddish,  168  **  207 

Light-colored  bluish  sand,  very  hard, 207  *  •  220 

Fine  sand,      220  '*  264 

Light  gray  clay. 264  '*  306 

Fine  white  shells  at  300  to  304  feet. 

Hard  sand 306  "  341 

Marl  or  clay  with  fine  5//^//5 341  **  374 

Sand 374  **  3«6 

Clay, 386  **  402 
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ARTESIAN   WELLS   AT   SALISBURY,    MD. 

15  gang  wells  for  water- works — Elevation,  5  feet ;  depths,  iS  to  75  feet. 

One  well — Elevation,  5  feet ;  depth,  loi  feet. 

One  well — Elevation     30    feet ;    diameter,    4^    inches  ;    depth,    •j2   feet. 

Yields,  b}'  pumping,  42,300  gallons  a  day. 

One  well — Elevation,  30  feet  ;  diameter,  6  inches  ;  depth,  267  feet. 

The  last  named  well  was  prospected  to  the  depth  of  424  feet. 

Water  overflows  from  the  loi-foot  well,  having  an  elevation  of  but  about 

five  feet,  while  from  the  wells  with  an  elevation  of  thirty  feet 

it  rises  to  within  3  to  5  feet  of  the  surface 

Salisbury,  Md.,  is  snj^plicd   with  water  ''from  a  .i^aiiji!^  of  15 
driven  6-iiicli  wells  to  depths  of  18  to  75  feet.     They  yield  in  all 
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about  200  gallons  a  minute/'*  The  level  is  about  five  feet  above 
tide,  while  from  about  the  same  level  "a  deeper  boring  was 
made  to  loi  feet  for  lower  waters,  but  the  result  was  not  satis- 
factor\%  because  the  water  was  strongly  impregnated  with  min- 
eral matters."  * 

During  the  year  1893,  Dr.  L.  S.  Bell  put  down  for  an  ice  fac- 
tor}', on  somewhat  higher  ground,  estimated  at  30  feet  above 
tide,  two  other  wells,  one  of  which  was  prospected  much  deeper, 
or  to  the  depth  of  424  feet  from  the  surface,  although  this  well 
was  afterwards  finished  so  as  to  drkw  water  from  about  the  depth 
of  267  feet.  The  other  well  at  the  ice  factor>^  reached  the  depth 
of  72  feet  only. 

Dr.  Bell  courteously  furnished  a  full  series  of  specimens  of 
the  borings  from  the  second  or  more  shallow  well  and  a  nearly 
equally  full  series  from  the  first  or  deeper  well  from  below  the 
depth  of  105  feet,  together  with  quite  complete  stratigraphic 
data.  From  a  careful  study  of  these  data  and  of  the  specimens 
from  the  two  borings,  we  have  compiled  the  following  record, 
in  which,  wherever  we  use  Dr.  BelPs  exact  language,  we 
enclose  the  same  in  quotation  marks,  and  wherever  we  have 
inserted  a  word  in  his  description  we  place  the  same  in  brackets. 

Total 
Thickness.       depths. 

**  Surface  sand/* 6  feet,      6  feet. 

••Dark  clay."     - 19    "       25     *' 

White  sand,t * 10    **       35 

•*  Fine  sand,'* 9    **       44 

*' Sand  gradually  getting  coarser  and  more  yellow,"   .   .  21    *'       65 
Fossil ferous  pebbles  at  50  to  60  feet,  is  a  water- 
horizon. 

*•  Hard  pan,  iron  formation," 2    *'       67 

*' Light  strata  of  white,  sandy,  loamy  clay," i  foot,   68 

**  Iron  (colored)  sand,"  is  a  ?«/tf/^/'-/f^r/>(7«, 25  feet,    93 

Fine  clayey  sand,  with  lignite, .  9    '*      102 

Fine  gray  sand,  furnishes  ^ttr^  z£/<z/^r, 14    "      116 

*' Blue  sticky  clay,  strongly  mixed  with  gray  sand,"     .  19    **      135 
'*  Fine  gray  sand,  with  water,  which  comes  near  the  sur- 
face and  seems  to  be  coloed  by  rotten  wood,"    .   .   .  25    *'      160 
**  Gray  sand  gradually  getting  coarser," 25    '*      185 
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*BulletiQ  138,  U.  S.  Geol.  Survey,  page  131.     Artesian  Wells,  &c  ,  N.  H.  Darton. 
tDr.  Bell  informs  that  this  white  sand  occurred  only  in  the  72  feet  well  and  not  in  424  feet  well 
although  the  two  wells  are  scarcely  25  feet  apart. 

8   GEOL 


tt 

«i 

4  t 


114  ANNUAL  REPORT  OF 

Total 
Thickness.        depths. 

"  Very  coarse  gravel  mixed  with  much  fine  gray  sand,"  .    72  feet,  257  feet. 

*  Claj^  and  fine  sand  full  of  small  sea-shells,"  described 
in  a  letter  received  as  **  Conch  and  other  snail  and 

dam  shells,  hut  no  oysters,** 6    *'      263     '* 

None  of  these  shells  were  received  with  the  bor- 
ings, having  been  previously  given  away. 
'  Solid  blue  clay,"  containing  much  greensand  or  glau- 

conite   grains.     **  Clam  shells   frequent  at  274  feet,"  87    **     350 
Streak  of  gray,  coarse  gravelly  sand  at    ....    ....  350 

'  Clay  mixed  with  fine  black  sand," 5    **     355 

**  Black  marl  mixed  with  clay  and  gravel,"  decidedly 

glauconitic,     21    **     376 

**  Struck  big  cobble  stones  at  376  feet." 

Marl  slowly  changing  to  gray,  gritty  sand, 12    **     388 

Small  mollusks  in  the  two  last-named  strata  (see 
specific  description  in  a  later  paragraph). 

Gray  sand, 36    **     424     ** 

*•  Struck  other  cobblestones  at  404,  410  and  420 
feet." 

Dr.  Bell  writes  that  **  there  was  a  great  deal  of  water  in  the 
wells  at  the  ice  factory  at  about  48,  80,  158,  214  and  250  feet. 
i\lso  that  the  water-horizon  at  about  80  feet  in  the  water-w^orks 
wells  was  met  with  at  105  feet  at  the  ice-factor\',  and  that  the 
latter  is  on  ground  about  25  feet  higher  than  the  former." 

On  studying  carefully  these  two  records  (at  Delmar,  Del.,  and 
Salisbury,  Md.),  we  find  that  the  upper  strata,  say  probably  to  the 
depth  of  about  185,  or  possibly  to  200  feet,  lie  nearly  level,  while 
below  that  depth  the  Ix^ds  dip  decidedly  toward  the  ocean.  If 
we  assume  these  underlying  beds  to  strike  northeast  and  south- 
west, which  they  probably  approximately  do,  their  distance 
apart,  along  the  line  of  dip  to  the  southeast,  would  l)e  about  four 
miles.  As  noted  iu  the  records,  marl  with  shells  occurs  at  Del- 
mar  between  280  and  332  feet,  while  at  Salisbury  marl  with 
shells,  probably  the  same  bed,  occurs  at  350  to  388  feet,  making 
a  dip  of  70  feet  between  the  two  points. 

These  facts,  considered  in  connection  with  our  kuowledge 
respecting  wells  at  Lewes,  Del.,  and  at  Wildwood  and  Avalon, 
N.  J.,  indicate  that  the  upperuiost  Ix-ds  of  the  Miocene  in  lower 
Delaware  and  in  the  Cape  Ma\-  peninsula  di])  seaward  at  the 
rate  of  about  17  feet  per  mile.     This  is  somewhat  less  than  our 
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previous  studies  show  to  be  the  case  along  the  coast,  say  from 
Ocean  Citv  and  Atlantic  City  northward,  where  we  calculate  the 
dip  at  about  25  feet  per  mile. 

Dr.  Bell,  in  a  letter,  describes  the  shells  noted  above  at  257  to 
263  feet  as  "  conch  and  other  snail  shells  and  clams^^  and  states 
that  there  were  no  oysters. 

The  shells  noted  at  from  355  to  388  feet  were  taken  out  by 
the  writer  from  the  borino^s  received.  Thev  wxre  mostly  small, 
sometimes  nearly  entire  shells,  and  at  other  times  broken  and 
ver\'  fragmentary.  C.  W.  Johnson  has  identified  the  following 
forms,  which,  collectively,  may  be  considered  characteristic  of 
the  upper  Chesapeake  Miocene,  or  the  equivalent  of  the  St. 
Marv^s  fauna : 

Teinostoma  umbilicata,  H.  C.  Lea.  Nassa  peralta. 

Turritella  plebeia,  Say.  Crucibuluni Sp.  ? 

Turritella  variabilis,  Conrad.  Cardium  laqueatum  (?)      Conrad. 

Turritella  alticostata  Conrad.  Anomia Sp.  ? 

Dentalium Sp.  ?  Solen  ensiformis,  Conrad. 

• 

From  the  same  fossil-horizon  we  obtained  a  small  otolith  or 
ear-bone  of  a  fish.  Judging  from  the  size  of  this  otolith  the 
fish  to  which  it  belonged  was  probably  not  over  three  or  four 
inches  in  length.  We  are,  however,  unable  to  make  out  the 
species. 

There  were  also  small  fragmentary  specimens  of  a  Crustacean, 
probably  Balanus  protens^  Conrad. 

The  nearest  deep  well  suitably  situated  for  comparison  of 
strata,  from  which  the  writer  has  specimens  of  the  borings,  is  at 
Lewes,  Del.  Here  the  top  of  the  great  300  to  400-foot  Miocene 
diatomaceous  bed  was  met  with  at  407  feet.  The  specimens 
from  Salisbury,  as  already  stated,  show,  however,  on  microscopic 
examination,  no  diatoms.  It  is  therefore  probable  that  this  well 
does  not  reach  that  bed.  The  clay  at  the  depth  of  402  feet  at  the 
bottom  of  the  w^ell  at  Delmar  probably  represents  the  top  of 
the  diatom  bed,  so  that  it  seems  quite  possible  (on  calculating 
the  dip)  that  had  the  w^ell  at  Salisbury  been  prospected  some 
70  or  75  feet  deeper,  the  top  of  the  great  diatom  bed  would 
have  been  found  there  likewise. 
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ARTKSIAN   WELL   AT   POKOMOKE  CITY,    MD. 

Diameter,  2  inches  ;  depth,  105  feet. 
Water  rose  18  inches  above  the  surface,  or  about  5  feet  above  high  water. 

In  1895  a  trial  well  was  drilled  at  Pokoinoke  City,  of  which 
specimens  and  some  data  were  furnished  the  writer  by  W.  J. 
Yonng,  C.  E.  From  these  the  following  record  has  been  com- 
piled : 

12  feet.  Sand  and  loam,  to 12  feet. 

Coarse  yellow  gravel,  large  as  shellbarks,  with 

plenty  of  water  (surface  water), 12  feet  to    15 


<i 


28  "  Fine  blue  clay, 15 

10  "  Clay  vf ith  ske/ls, 43 

15  **  Clay,  with  greater  numbers  of  jA^//j,     ....  53 

27  "  Fine  gravel  and  sand,  not  much  water,  ....  68 

1  '*  Gravel  and  clay, 94 

11  "  Fine  quicksand 95 

Abundance  of  water  at  gj  feet. 


It 
If 
It 
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53 
68 

94 

95 
105 


TWO    ADDITIONAL    ARTESIAN   WELLS    AT    POCOMOKE    CITY,    MD. 

Depth  of  each  about  290  feet. 

One  of  these  wells  was  prospected  to  496  feet. 

Diameter  of  each,  6  inches. 

Five  water-horizons,  as  follows : 

"Good  water"  between  the  depths  of 75  feet  and    85  feet. 

♦•Hard water"  '♦  "  "  120    "      "     123     ** 

Water  utilized  between  the  depths  of 195"      "     225     *' 


•»  «•  "  *'  247    "      *•     290     ** 


"Sulphur  water"  "  "  "         485    "      *'     496 


%  < 


Dnring  the  present  year,  J.  H.  K.  Shannahan,  contractor, 
drilled  for  the  Pokoniokc  water-works  two  nnich  deeper  wells 
at  Poconioke  City,  Md.,  than  the  one  noted  in  the  ])receding 
record.  From  Xonnan  M.  Shannahan,  in  innncdiate  char<^e  of 
the  work,  we  have  received  the  followin^L^  (lescri])tion  : 
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Made  ground  to 15  feet. 

Yellow  and  brown  mixed  clay, 15  feet  =    30 

Dark  clay, 45    '•    =    75 

Gray  sand  with  good  water,  flowed  3  gallons  a  minute,     10    '*    =    85 

Green  clay, 35    **    =  120 

Coarse  sand  with  water,  which  overflowed ;  pumped 

60  gallons  a  minute.     Water  was  very  hard,    ...       3    **    =123 

Dark  green  clay, 63    *'    =  186 

Gravel  and  ^^a  sheUs, 3    *•    =  189 

Sand  rock, 6    "    =  195 

Light-colored  coarse  sand  ;  when  dry  nearly  white ; 
contains  water  which  flowed  45  gallons  a  minute 
and  from  which  there  was  pumped  about  150  gal- 
lons a  minute — (salty), 30    '*    =225 

Dark  green  clay  with  some  sea  shells, 20    **    =  245 

Very  hard  fine-grained  sandstone  rock 2    **    =  247 

Sand  like  that  at  200  feet,  only  this  had  sea  shells  in 
it,  also  contained  water  of  quality  same  as  at  200 
feet.    Flowed  45  gallons  and  pumped  about  175 

gallons  a  minute, 43    *•    =  290 

Light  gray  clay,  like  putty, 180    "    =470 

Hard  and  soft  marl  beds, 15    "    =485 

Coarse  sand  with  water ;  flowed  50  gallons  and 
pumped  100  gallons  a  minute.  Strong  with 
"sulphur." II    "    =496     '* 

The  water  of  the  last  horizon  not  being  at  all  potable  the  first 
well  drilled  was  finished  to  draw  from  the  two  higher  water-hori- 
zons at  195  to  225  feet  and  247  to  290  feet.  Afterward  another 
6-inch  well  was  put  down  to  the  same  two  water-horizons.  The 
two  wells  together,  since  being  finished,  flow  about  150  gallons  a 
minute.  The  water-horizon  not  used  but  noted  above  at  about 
85  feet  is  evidently  the  one  reached  by  the  well  (depth,  105  feet) 
in  the  preceding  record  (see  page  115)  as  occurring  at  the  depth 
of  97  feet, 

Sec«  3*    Wells  in  Post-Miocene  or  Surface  Strata^ 

TEST   BORINGS   AT   PHILADELPHIA   NAVY  YARD,   ON    LEAGUE 

ISLAND. 

Elevation,  10  feet  -\-  ;  diameter,  4  inches  ;  depths,  25  to  38  feet. 

During  the  latter  part  of  the  year  1898  a  number  of  test  borings 
were  made  for  the  United  States  government  on  League  Island, 
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preparaton'  to  the  construction  of  a  dry-dock  at  the  Philadelphia 
Navy  Yard.  These  test  borings  were  made  near  the  location  of 
a  deep  well  (600  feet  deep)  at  that  place,  of  which  records  appear 
in  the  Annual  Reports  for  1896,  page  114,  and  1897,  page  270, 
and  which  entered  the  Plastic  clays  and  gravels  of  the  Raritan 
formation  at  the  depth  of  about  50  feet.  As  the  record  of  the 
well  then  reported  affords  but  scant  information  of  the  upper 
portion  of  the  boring  which  penetrated  the  much  more  recent 
deposits  that  overlie  the  Cretaceous,  and  as  through  the  kindness 
of  C.  C.  Walcott,  C.  E.,  U.  S.  N.,  in  charge  of  the  engineering 
work,  we  have  been  furnished  with  a  complete  series  of  speci- 
mens from  one  of  the  test  borings,  as  also  several  specimens  from 
others  of  these  test  borings,  we  insert  their  record  and  particu- 
larize the  results  of  our  study  of  the  same,  in  which  we  have 
been  aided  by  the  microscope. 

We  may,  however,  first  state  that  these  test  borings  reveal  a 
depth  of  alluvium  or  quite  recent  mud  or  clay  along  the  Dela- 
ware river  front,  on  east  side  of  the  mouth  of  the  Schuylkill, 
varying  from  about  25  feet  to  38  feet,  and  that  this  alluvium 
contains,  throughout  its  entire  vertical  extent,  the  siliceous  cases 
or  remains  of  single-celled  plant  organisms,  known  as  diatoms. 
These  diatoms  present  a  mixed  assemblage  of  fresh-water  and 
marine  species,  among  the  latter  being  a  triangular  fonn,  7/7- 
ccratiiitu  favus^  Ehr^  which  is  found  living  to-day  in  the  Dela- 
ware river  at  the  latitude  of  Philadelphia,  and  also  occurs  in  the 
muds  on  the  river  margin  from  the  Breakwater  northward  to 
that  city,  but  which  the  writer  has  been  unable  to  find,  either 
buried  in  the  muds  or  living  in  the  water,  at  Burlington.  This 
particular  fossil  is  indicative  of  deix)sits  of  quite  recent  geologi- 
cal age,  say  Pleistocene,  and  possibly  also  Pliocene  ;  this  Navy 
Yard  alluvium  being,  however,  certainly  dccidciily  late  Pleisto- 
cene. 

At  its  base  this  marshy  alluvium  rests  upon  a  coarse  gravel 
with  pebbles  of  considerable  size,  as  revealed  by  the  test 
borings  and  also  by  the  dredgings  brought  u])  by  a  rotary 
dredging  machine  from  the  depth  of  2^  feet  in  the  back  channel. 
This  heavy  gravel,  from  an  examination  of  its  constituent  peb- 
bles, the  writer  deems  to  be  Pensauken  in  a</e. 
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It  may  be  interesting,  for  comparison,  to  note  the  depth  of 
similar  alhivial  deposits  at  the  debouchure  into  the  Delaware  of 
other  tributaries,  all  of  which  exhibit  a  similar  mixed  assem- 
blage of  marine  and  fresh-water  deposits.     They  are  as  follows  : 


Location. 


Newtown  Creek,  Gloucester  well  record, 

Pensauken  Creek, 

Hog  Island,  at  Tinicum  Creek, 


Depths 

of  marsh 

in  feet. 

Noted  in 

Annual 

Reports  for 

15* 

1893,  page  404 

25  to  41 

1898,  page  III 

40 

1896,  page  115 

We  now  insert  the  record  in  detail.  The  first  column  on  the 
right  gives  the  number  of  the  borings  in  the  order  of  the  time 
when  they  were  made,  while  the  second  gives  the  depth,  in  feet, 
of  each  specimen. 


Result  of  Aficroscopic  Examination  of  Late  Pleistocene  Alluvium 
{marsh  mud)  in  Test  Borings  at  Philadelphia  Navy  Yard^ 
league  Island^  Pa, 


Pinnularia  and  some  discoid  diatoms. 

Eunotia  and  circular  discoid  diatoms  ;  also  pin-head  sponge 

spicules. 
Diatoms,  fairly  plentiful. 
Diatoms. 

Diatoms,  circular  discoid  forms  noticeable. 
Diatoms  fairly  plentiful  in  a  fine,  sandy,  micaceous  silt. 
Diatoms  and  a  few  sponge  spicules. 
Diatoms. 

No  diatoms  observed  ;  silt  quite  sandy. 
Diatoms,  a  few  small  discoid  forms. 
Diatoms,  a  few,  with  a  few  sponge  spicules  in  fine  silt. 
Diatoms,  a  few. 
Diatoms. 

Diatoms  and  .sponge  spicules. 

A  few  sponge  spicules  ;  no  other  micro-organisms  observed. 
Diatoms.     Large  discoid  forms  plentiful. 
Diatoms. 
Diatoms. 

Diatoms  in  a  very  fine  sandy  silt. 
Diatoms  Eunotia,  &c. ;  also  a  few  sponge  spicules. 

*  This  boring  was  made  quite  close  to  the  inner  margin  of  the  marshy  flat ;  had  it  been  farther  out 
toward  the  stream  and  the  centre  of  the  marsh,  it  wonid  probably  have  shown  a  still  greater  depth  of 
allavium. 


No.  of 

Well. 

Depths  ol 
specimens. 

IX. 

2  feet. 

IX. 

2      '• 

IX. 

4    * 

IX. 

6    ' 

IX. 

8    * 

IX. 

10    ' 

III. 

10    * 

IV. 

10    • 

III. 

12      * 

IX. 

12     * 

IV. 

12      ' 

IV. 

14  ' 

IX. 

14  * 

III. 

14  ' 

IV. 

16  * 

IX. 

16  • 

III. 

16  • 

V. 

17  ' 

IX. 

18  ' 

III. 

18  * 
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No.  of 

Depths  of 

Well. 

tpecimenv, 

IX. 

20 

feet. 

IV. 

20 

III. 

20 

V. 

21 

IV. 

22 

IX. 

22 

III. 

22 

V. 

23 

IX. 

24 

III. 

24 

IV. 

24 

V. 

25 

V. 

29 

IX. 

26 

III. 

26 

IV. 

26 

V. 

27 

IX. 

28 

IV. 

28 

IV. 

29 

IV. 

30 

IX. 

30 

IX. 

32 

IX. 

34 

IX. 

36 

IX. 

38 

Diatoms. 

Diatoms,  large  discoid  forms.  • 

Diatoms. 

Diatoms,  a  few. 

Sponge  spicules  ;  no  diatoms  seen. 

Diatoms. 

Diatoms  and  sponge  spicules. 

Diatoms,  Triceratium/avus,  &c. 

Diatoms. 

Diatoms  fairly  plentiful. 

Diatoms  fairly  plentiful. 

No  micro-organisms  seen — sand  and  very  sandy  clay. 

No  micro-organisms  seen  ;  very  sandy,  gravelly  clay. 

Diatoms,  a  few. 

Diatoms,  a  few  in  a  mixture  of  gravel  and  sand,  with  a 

little  c\3iy. 

Diatoms. 

No  micro-organisms  seen  ;  very  sandy  clay. 

No  micro-organisms  seen  ;  coarse  sand  with  a  little  clay. 

Diatoms. 

Diatoms  and  sponge  spicules. 

No  micro-organisms  ;  gravel  and  sand. 

No  micro-organisms  ;  sand,  with  a  little  clay. 

Diatoms,  a   few.  | 

No    micro-organisms.     \  ^y  1       -i-u      i-4.4.i      1 

^^         .  **     .  r  Coarse  sand,  with  a  little  clay. 

No    micro-organisms. 

No    micro-organisms,     j 


DUG  WELL  AT  XORTHFIELD^  ATLANTIC  COUNTY,  N.  J. 

Elevation,  30  feet ;  depth,  30  feet. 

Early  in  1898  a  well  was  dii^  at  Xorthficld  for  an  Atlantic 
City  organization,  the  Xorthfield  Country  Club.  This  well  is 
located  on  the  shore  road  near  Xorthfield  Station,  on  the 
Sonier's  Point  branch  of  the  Seashore  Railroad,  about  one  mile 
south  of  Sniith\s  Landing. 

The  record  is  said  to  have  been  alx)ut  as  follows : 

Yellow  loam  and  gravel  to 21  feet  =  21  feet. 

Whitish  clay, 5    "     =x  26 

Yellow  sand  and  hard  gravel,  with  water, 4    "    =30 


« < 
« I 


THE  STATE  GEOLOGIST.  121 

The  water  is  said  to  be  good  and  to  stand  7  feet  above  the 
bottom  of  the  well.  The  supply  is  entirely  from  the  superficial 
sands  or  beds  known  as  the  Cape  May  formation. 


ARTESIAN   WELLS   AT   ABSECON   FOR   ATLANTIC  CITY 

WATER-SUPPLY. 

Elevation,  5  feet  +. 
Two  wells — Diameter,  4>^  inches  ;  depth,  100  feet. 

One  well — Diameter,  10  inches  ;  depth,  70  feet. 
Three  wells — Diameter,  4}4  inches  ;  depth,  25  feet. 

All  the  above  wells  were  drilled  by  Uriah  White. 

In  the  Annual  Report  for  1892^  pages  282  to  285,  there  is  an 
extended  notice  with  record  of  strata  of  a  considerable  number 
of  wells  with  a  depth  of  24  feet.  These  wells  have  an  elevation 
of  about  5  feet  above  tide,  and  are  located  within  the  area  occu- 
pied by  a  receiving  basin,  into  which  they  naturally  overflow. 

Three  additional  wells  of  4^  inches  diameter^have  been  sunk 
the  past  year  within  the  same  basin  to  the  depth  of  25  feet,  the 
lower  6  feet  being  through  a  clay  containing  a  mixed  assemblage 
of  marine  and  fresh-water  diatoms  of  recent  geological  date. 
The  water  from  these  wells,  as  in  those  formerly  sunk,  flows 
direct Iv  into  the  basin. 

Also,  within  the  past  year  two  other  wells,  4  J/^  inches  in  diame- 
ter, have  been  put  down  outside  of  the  basins  and  at  about  the 
same  level  to  the  depth  of  about  100  feet,  finding  water  in  a 
coarse  gravel,  while  one  other  loinch  well  has  been  put  down 
on  the  top  of  the  retaining  bank  of  one  of  the  receiving-reser- 
voirs to  the  depth  of  only  78  feet,  the  elevation  being  about  15 
feet. 

Two  series  of  the  borings  were  received,  one  from  one  of  the 
4^-inch  wells,  depth  100  feet,  and  the  other  from  the  loinch 
well,  depth  70  feet.  Allowing  about  10  feet  for  the  difference 
in  the  elevation  of  the  surface  at  the  two  wells,  we  have  com- 
piled the  following  stratigraphical  record,  the  depths  being  from 
the  elevation  of  15  feet : 
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Heavy  white  gravel  with  fossiliferous  pebbles,  ....     o  feet  to    i8  feet 
Blue  clay  containing  sponge  spicules  and  marine  dia- 

ioms^  geologically  very  recent, 6  **     '*     25 

Orange-yellow  coarse  sand,  with  water, 25  "     "     70 

Streak  of  white  clay  at 70 

Gravel  with  large  white  pebbles  and  water  at  the  base,  70  '*    **  100 


t  ( 


(4 


«  « 


«  t 


Our  recent  stiidv  of  the  borinofs  at  this  location  confirm  what 
we  had  fonnerly  written  in  the  before-mentioned  Annual  Report 
for  1892,  and  as  we  cannot  now  do  better,  we  quote  as  follows 
from  that  report  respecting  the  diatom  bed  and  other  associated 
and  correlative  facts : 

"This  section  is  especially  interesting,  since  the  marine  diatoms 
noted  are  generally  of  so  recent  an  appearance  as  to  indicate  at 
once  to  any  experienced  diatomist  that  the  clay  in  which  they 
are  foimd  was  laid  down  not  only  comparatively  recently,  geo- 
logically, but  also  that  it  must  be  an  entirely  different  stratum 
from  the  great  300-feet  diatomaceous  clay  bed  associated  with 
the  numerous  deep  wells  in  southern  New  Jersey. 

"  The  conclusion,  furthermore,  seems  irresistible  that  the  heavy 
gravel  with  fossiliferous  pebbles  must  have  been  placed  on  the 
top  of  the  clay  by  a  working  over  and  re-depositing  of  the 
Quaternar>'  yellow  gravel  and  sands  of  the  higher  groimd  to  the 
westward. 

"  The  author  has  traced  for  three  miles  alqjig  the  shores  of  the 
Great  Egg  Harbor  river,  near  ]\Iays  Landing,  a  bed  of  clay  con- 
taining a  somewhat  similar  assemblage  of  diatoms,  and  likewise 
overlaid  by  gravels  with  fossiliferous  pebbles. 

"  C.  W.  Coman  has  also  furnished  the  Survey  with  specimens  of 
clays  from  near  the  banks  of  the  Maurice  river,  at  Buckshutem, 
and  from  the  banks  of  the  Cohansey  river,  at  Bridgcton,  which, 
on  examination  under  tlie  microscope,  also  exhibited  diatoms. 

"The  diatoms  at  these  three  localities  were  mixed  marine  and 
fresh-water  forms,  the  marine  predominating;  but  few  fresh- 
water fonns,  however,  were  seen  in  the  Al)secon  wells  deposit. 
Strewn  mounts  of  the  diatoms  from  Absecon  were  submitted  to 
C.  H.  Kain,  an  acknowledged  authority  upon  their  specific 
fonns.  He  writes :  ''  The  species  arc  ahnost  exchisively 
marine ;  very  rarely  a  fresh-water  form  is  seen.  I  can  discover 
no  species  not  now  to  be  found  in  the  nnid  of  Absecon  marshes. 
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The  abundance  of  circular  [disc]  forms,  however,  suggests  a 
fossil  deposit,  although  I  can  find  no  form  which  is  now  only 
found  in  the  fossil  state.  I  should  suspect  the  deposit  to  be  of 
comparatively  recent  fonnation.  It  greatly  resembles  in  this 
respect  the  Bridgeton  and  Buckshutem  deposits,  although  both 
of  the  latter  contain  a  much  greater  proportion  of  fresh-water 
forms.  The  Absecon  deposit  may  not  be  any  more  ancient,  but 
probably  it  was  not  so  much  within  the  reach  of  fresh-water 
influences." 

*^  These  facts  suggest  some  interesting  relations  between  these 
various  deposits.  Additional  careful  investigation,  especially  in 
the  field,  will  be  needed,  however,  before  their  exact  bearing 
upon  each  other  can  be  fully  defined. 

**  The  wells  at  Atlantic  City,  after  penetrating  about  40  feet  of 
beach  sands  and  10  feet  of  mud,  the  probable  bottom  of  an  old 
channel,  enter  a  succession  of  gravel  and  clay  beds  which  the 
author  deems  the  equivalent  of  these  at  Absecon,  a  conclusion 
reached  after  careful  study. 

**  So  much  of  the  Atlantic  City  section  as  may  be  needful  to 
show  its  relation  to  the  Absecon  wells  will  now  be  given : 


if 


}  Very 


recent. 


Record.  Age 

* '  Beach  sand, to    40  feet 

Mud  foraminifera  and  diatoms^ 40  '      50 

Heavy  gravel,  fossiliferous  pebbles,     .   .    50  '*    58 

Q\2iy,  recent  marine  diatoms^ 58  '*    63 

Heav}^  gray  gravel,  fossiliferous  pebbles,  •'  xj^ppn*. 

freshwater •   63  *'    72    " 

Clay,  recent  viarine  diatoms^ 1^  ''    IS 

Gray  sand  and  gravel,  water, IS  ^'    86 

Fine  and  coarse  sand     86  "  105 

Heavy  gray  gravel, 105  "  109 

Streaks  of  gray  clay  and  sand 109  "116 

Alternations  of  fine  and  coarse  sands  and  ^ 

gravels 116  "  265    *'       j 

Most  of  the  strata  of  this  division   are  \  Quaternary. 

yellowish   in   color  and   contain    no  I 

micro-organisms.  j 

"  The  similaritv  of  the  assemblao^e  of  diatoms  in  the  clavs  from 
the  Absecon  wells  with  those  noted  above  in  cla>s  at  58  to  63 
feet,  and  again  at  72  to  75  feet,  considered  in  connection  with 


( < 

« I 


} 


Probably  also 
recent. 
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the  alternations  of  gravels  with  fossiliferous  pebbles,  suggests  an 
identity  of  strata  at  the  two  localities. 

**  The  water  at  the  24-foot  wells  at  the  water-works  plant  at 
Absecon  is  fresh  and  wholesome,  as  proved  by  its  long  use  at 
Atlantic  City.  Its  original  source  where  it  enters  the  sand  that 
dips  beneath  this  recent  diatomaceous  clay  bed  is  probably  not 
very  distant.  This  water-horizon,  however,  under  the  beaches 
has  not  been  considered  satisfactory',  and  it  or  some  horizons  ver\' 
closely  related  to  it  have  been  tried  at  a  number  of  points 
between  Atlantic  City  and  Cape  May.  It  was  met  with  in 
Fifield's  boring*  at  the  depth  of  84  feet,  associated  with  a  simi- 
lar succession  of  beds  as  at  Atlantic  Citv.  In  the  absence  of 
specimens  of  the  clays,  however,  the  presence  of  diatoms,  which 
most  likely  occurred  there,  cannot  be  positively  asserted. 

*^  Fresh-water  springs,  long  known  and  used  by  boatmen  for 
filling  their  casks,  occur  at  various  points  in  the  marshes  between 
the  beaches  and  the  mainland.  One  such  may  be  noted  on  Bar- 
rel  island,  in  the  bay  near  Beach  Haven,  and  another,  until 
recently,  on  Peter's  Beach,  near  Atlantic  City.  The  storms, 
however,  have  washed  away  a  large  portion  of  this  beach  and 
buried  this  spring  beneath  the  waters  of  the  inlet.  These  springs 
are  probably  fed  from  this  Absecon  artesian  horizon. 

^^  The  writer  is  inclined  to  class  as  of  the  same  geological  age 
with  these  recent  diatom  beds  the  gravels  and  sands  below  them 
to  the  depth,  at  Atlantic  City,  of  at  least  125  feet.'' 


SHALLOW   ASTESIAX    WKLLS   AT   ATLANTIC   CITV,    X.   J.,    AT 
ATLANTIC   CITV   COOLING   CO.'S   PLANT. 

Elevation.  5  feet_+  ;  diameter,  4>^  inches  ;  depth,  93  feet. 
Water  rises  barel}'  to  the  surface 

During  the  past  >'ear  four  wells  have  been  put  down,  to  the 
depth  of  about  93  feet  each,  into  a  water-bearing  heavy  gravel. 
The  water  obtained,  being  several  degrees  lower  in  tempera- 
ture t    than   that   from    the  deeper  wells,  is  better  adajHed   for 

♦Annual  Report,  1892,  page  aSr. 

tThe  temperature  of  the  deeper  wells  varies  from  58  to  62  degrees  accordinj;  to  dcpih— that  of  the 
deepest  wells  being  the  highest.  We  have  been  unable  to  learn  the  exact  temp«rature  of  these  shallow 
wells  above  reported. 
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the  cooling  and  condensing  purposes,  for  which  the  company 
requires  a  considerable  amount  of  water. 

At  the  depth  of  50  to  60  feet  a  bluish  clay  or  alluvium  was 
penetrated,  which,  on  microscopic  examination,  we  find  to  con- 
tain diatoms  of  fresh  water  and  marine  forms.  The  assemblage 
of  diatoms  shows  this  to  belong  to  one  of  the  most  recent  geolog- 
ical deposits  along  the  coast,  one  of  probably  late  Pleistocene 
age.  Below  the  blue  clay  fairly  heavy  gravel  was  encountered 
which  contains  water  that  just  rises  to  the  surface.  This  gravel 
occupies  the  inter\'al  from  60  to  93  feet. 

BORED   W^ELLS   AT  SHINNECOCK   HILLS,   NEAR   MONTAUK   POINT, 

LONG   ISLAND,    N.    Y. 

Depth,  60  feet. 

P.  H.  and  J.  Conlin  infonn  "that  they  have  sunk  wells  at 
Shinnecock  Hills,  near  Montauk,  and  found  gravel  and  water  at 
60  feet  from  the  surface.'' 

BORED  WELL   ON   A   HILL   NORTH  OF  SIASCONSETT,  TOWARD 

SANKATY    HEAD,    NANTUCKET,    MASS. 

Elevation,  70  feet ;  diameter.  ^Yz  inches  ;  depth,  103  feet. 
Water  rises  within  70  feet  of  the  surface. 

This  well  is  located  at  the  cottage  of  S.  Murray  Mitchell  and 
was  bored  by  George  H.  Orcutt,  who  in  1896  furnished  the  above 
information,  and  who  says  that  the  boring  was  in  sand  through- 
out, and  that  he  did  not  observ  e  the  occurrence  of  any  sea  shells. 

ARTESIAN   WELL   AT   LAUREL,    DEL. 

Elevation,  26  feet  above  mean  low  water. 

Diameter  4  inches  ;  depth,  115  feet. 

Water  rises  within  19  feet  6  inches  of  the  surface. 

Yield,  no  gallons  a  minute. 

During  the  summer  of  the  present  year  a  well  was  put  down 
by  J.  H.  K.  Shannahan  at  Laurel,  Del.,  to  furnish  that  place 
with  a  public  water-supply.  From  Charles  S.  York,  C.  E.,  we 
have  received  the  following  record  : 


« t 
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Yellow  clay, 2  feet  =  2  feet 

Light  gray  sand, 6    '*    =  8 

Yellow  clay, 15    "    =  23 

Coarse  yellow  sand  ;  yielded  water,  10  gallons  a  minute,  40    **    =  63 

Yellow  clay,  20  inches,  say, 2    **    =  65 

Small  flinty  gravel ;  yields  water,  60  gallons  a  minute,    6    **    =  71 

Yellow  clay, 2    '*    =  73 

Small  pebbly  gravel,  with  water, 8'*    =  81 

Yellow  clay,  9  inches,  say i  foot  =  82 

Water-bearing  sand,  with  pebbly  gravel, 9  feet  =  91 

Water-bearing  sand, 14    **    =  115 

The  horizon  91  to  115  feet  yielded  no  gallons  a  minute. 

This   well   was   finished    with   screens   so   as   to   draw   from 
between  the  depths  of  64  to  70  feet  and  of  72  to  85  feet. 


ARTESIAN   WELLS   AT  SEAFORD,    DEL. 

Two  wells — Depths,  about  65  feet  each. 

Elevation  near  high-tide  level. 

Overflow,  at  high  tide,  15  gallons  each  per  minute. 

Overflow  at  low  tide,  \  ery  little 

J.  H.  K.  Shannahan  reports  having  put  down-  two  wells  at 
Seaford,  Del.,  the  location  being  a  little  above  high-water  mark 
and  the  depth  of  each  about  65  feet.  The  wells  were  finished 
with  screens  so  as  to  draw  from  between  the  depths  of  53  and 
65  feet. 

This  horizon  is  evidently  the  same  as  that  supplying  the  wells 
of  the  preceding  record  at  Laurel,  seven  miles  southward. 


IV.  Wcfls  Mostly  in  Northern  New  Jersey. 

Sec  K    Wells  Reported  by  Stotthoff  Bros. 

The  following  36  wells  were  ])ut  down  the  past  \ear  by  Stott- 
hoff Bros.^  who  have  courteously  furnished  the  data  respecting 
them. 

Most  of  these  wells  are  in  northern  New  Jersey  ;  a  few  are^ 
however,  on  Staten  and  Long  Islands,  X.  V.,  and  a  few  others  in 
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Pennsylvania^  the  latter  mainly  in  the  Delaware  valley.  The 
well  at  New  Dorp,  Staten  Island,  with  a  depth  of  600'  feet,  is 
noticeable,  since  all  below  the  depth  of  28  feet  was  through 
serpentine. 

Besides  these  the  records  of  two  other  wells  bored  by  them  at 
Burlington  appear  with  the  wells  classified  under  the  heading 
''  Wells  in  Cretaceous.'' 


BORED  WELL  AT  HUNTSVILLE,  SUSSEX  COUNTY,  FOR  E.  E.  HAWK. 

Earth, 16  feet  =    16  feet. 

Limestone, 170    "    =186    " 

Practically  no  water ;  not  more  than  one-half  gallon  per  minute. 


BORED   WELL   AT   HUNTSVILLE   FOR  W.  J.   YOUNG. 

Sand 95  feet  =  95  feet. 

Supply,  15  gallons  per  minute  at  60  feet  from  the  surface. 

BORED  WELL  AT  SPARTA   FOR  C.    C.   COX. 
**  Gray  mixed  rock  or  soft  granite  with  flint  and  limestone.   .    .  to  55  feet. 
Supply,  5  gallons  per  minute. 

BORED  WELL   AT   BERNARDSVILLE   FOR   MISS   M.    APPLETON. 

Depth    128  feet. 

Yellow  clay  and  loose  stones  to  rock  at 39  feet. 

Gray  rock,  with  seams  of  much  softer  yellow  rock,    .   .  89  feet  =  128     " 

This  well  produces  35  gallons  a  minute  at  29  feet  below  the 
surface. 

BORED  WELL   AT   BERNARDSVILLE   FOR   MISS   S.    F.    CONDICT. 

Depth,  224  feet. 

Earth, 2  feet  =      2  feet 

Gray  rock, 222    "    =  224     " 

Supply,  7  gallons  per  minute  at  140  feet  from  the  surface. 
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BORED  WELL   AT   BERNARDSVILLE   FOR  GEORGE   B.    POST. 

Depth    621  feet. 

Earth  and  loose  stones  to  rock, 26  feet. 

Dark  gray  rock,    .   .    .   ; 595     *  * 

621     ** 
Supply,  35<2  gallons  a  minute. 


BORED  WELL   AT   FLEMINGTON   FOR   GEORGE   C.    PEDRICK. 

Depth  to  solid  rock 15  feet  =  15  feet. 

Red  shale, 36    *^    =  51     *• 

Supply,  18  gallons  per  minute. 


BORED  WELL    AT    FLEMINGTON    FOR    FLEMINGTON   WATER  CO. 

Earth 4  feet  =      4  feet. 

Gray  and  blue  rock.  **  very  seamy,  similar  in  charac- 
ter to  what  is  called  blue  jingler," 164    **    =168  *' 

*♦  Vein  of  clay  "  (?) 8    **    =  176  '* 

Red  shale, 229    '*    =  405  ** 

Supply,  107  gallons  a  minute  at  161  feet  from  the  surface. 


BORED   WELL   AT   READINGTOX,   FOR  JOHN   E.    HOAGLAND. 

Earth,      20  feet  =  20  feet. 

Red  shale,     67    "    =  87    ** 

Supply,  15  gallons  per  minute. 


BORED   WELL   AT   THREE   BRIDGES    FOR  FARMERS'  DISPATCH  CO. 

Earth      6  feet. 

Cased  and  cemented  to     . 30    ** 

Balance  red  vShale  to  total  depth  of 94    *' 


Supply,  15  gallons  per  minute. 


THE  STATE  GEOLOGIST.  129 


BORED  WELL   AT   LIBERTY  CORNERS   FOR    FRANK    BALLENTINE. 

Earth 5  feet  =      5  feet. 

Red  shale, 104    ' '    =  109     * ' 

Supply,  7  gallons  a  minute  at  65  feet  from  the  surface. 


BORED  WELL    AT  SOMERVILLE   AT    CHILDREN'S    MEMORIAL 

HOME. 

Depth.  152  feet. 

ft 

This  well  was  drilled  8  inches  in  diameter  to  the  depth  of  51 
feet  and  then  cased  with  a  six-inch  pipe  and  cemented.  The 
boring  was  then  continued  beyond  this  entirely  in  red  shale  to 
a  total  depth  from  the  surface  of  152  feet.  The  yield  is  25  gal- 
lons per  minute  at  125  feet  from  the  surface. 


BORED   WELL   AT   GOODMAN'S   CROSSING,    L.  V.    R.    R. 

Earth, 33  feet  =    33  feet. 

Red  shale,  .   .    .  • 73    •'    =  106     ** 

Supply,  20  gallons  per  minute  at  40  feet  from  the  surface. 


BORED   WELL   AT   MAYWOOD   FOR   MRS.    C.    M.    GOMEZ. 

Earth 15  feet  =    15  feet. 

Red  shale 104    '*    =119     * 

Supply,  18  gallons  per  minute  at  43  feet  from  the  surface. 


BORED  WELL   AT   MAYW^OOD,    BERGEN   COUNTY,    FOR 

JOHN    ENGLISH. 

Red  sandstone, 46  feet. 

Supply,  10  gallons  a  minute. 
9  GEOL 


«« 


I30  ANNUAL  REPORT  OF 


BORED  WELL  AT  TREXTOX   FOR   R.   M.  JONES. 

Earth 3  feet  =      3  feet. 

•*  Hard  but  fine  grained  red  and  blue  sandstone,**     .   .  140    **    =  143 

Supply,  10  gallons  a  minute  at  125  feet  from  the  surface. 


BORED  WELL  AT    MARTIXVILLE,   SOMERSET  COUNTY. 

Diameter,  8  inches  ;   depth,  114  feet. 

Earth, 10  feet  =    10  feet. 

Cased  and  cemented  to  keep  out  surface  water  to  .    .   .  50 

Balance,  blue  and  red  shale  to  a  total  depth  of  ...    .  114 


Supply,  15  gallons  a  minute  at  60  feet  from  the  surface. 


BORED   WELL   AT   UNION,    UNION   COUNTY,    FOR  C.    H.   JOHNSON. 

Earth, 23  feet  =    23  feet 

Red  shale 153    •*    =  176     '* 

Supply,  10  gallons  per  minute  at  60  feet  from  the  surface. 


BORED   WELL   AT   LINDEN    FOR   THE   P.    R.    R. 

Depth,  122  feet. 

This  well  was  drilled  <S  inches  in  diameter  to  the  depth  of  40 
feet  and  then  cased  with  a  6-inch  pipe  and  cemented  to  prevent 
surface  drainage. 

The  boring  was  continued  ])cyond  this  to  a  total  depth  of  122 
feet,  producing  15  gallons  a  minute  at  22  feet  from  the  surface. 


IJORED    WELL    AT    HLIZAnKTH    FOR    WILIJAM    HEILICH. 

Earth  and  hard  pan, 5S  feet  ^-    58  feet. 

Red  shale, 15S    "    -^216     " 

Suj)i)ly,  10  gallons  a  minute  at  125  tVct  from  the  surface. 
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BORED  WELL  AT  PASSAIC    FOR  CHARLES   E.    BELL. 

Earth, 26  feet  =  26  feet. 

Red  sandstone, .   .  36    *'    =62     " 

Supply,  20  gallons  a  minute  at  26  feet  from  the  surface. 


BORED  WELL   AT   PASSAIC   FOR   ISADORE   BRAVEMAN. 

Earth  and  quicksand, 46  feet  =    46  feet. 

Red  sandstone, loi    "    =.147     '* 

Supply,  14  gallons  a  minute  at  27  feet  from  the  surface. 


BORED  WELL   AT   PASSAIC   FOR   MOORELAND   BROS. 

Earth,  stones  and  sand 52  feet  =    52  feet. 

lied  sandstone, 168    "    =220    ** 

Supply,  10  gallons  a  minute  at  60  feet  from  the  surface. 


TWO   BORED  WELLS   AT   PASSAIC  FOR   THE   BOTANY   WORSTED 

MILLS. 

Diameter  of  each,  8  inches  ;  depths,  No.  i,  402  feet :  No.  2,  558  feet 

No.  1.  No  a. 

Sand  and  gravel, 20  feet.  35  feet. 

Quicksand 30    **  7 

Clay  and  sand  to  rock, •  42    "  52 

Sandstone  rock 310    "  464    ** 


Total  depths, 402  feet.        558  feet. 

Well  No.  I  was  bored  last  year  (1898). 

BORED   WELL   AT    PASSAIC    FOR    A.    EHRHART. 

Earth  and  sand 35  feet  =    35  feet. 

Red  sandstone, 115    "    =  150    " 

Supply,  10  gallons  per  minute  at  88  feet  from  the  surface. 
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BORING   AT   NEW   DORP,    STATEN   ISLAND,    N.    Y.,    FOR    CHARLES 

F.    SCHMEIDT. 

Earth 28  feet  =    28  feet. 

Soapstone,  soft  [Serpentine], 572    '*    =600    ** 

No  water. 

BORED   WELL   AT   NEW   DORP,   STATEN   ISLAND,    N.    Y.,    FOR 

WILLIAM   ARNDT. 

Sand  and  gravel, 85  feet. 

This  well  produces  10  gallons  a  minute  at  68  feet  from  the 
surface. 

BORING   AT   BURDETTE,   N.  Y.,    FOR   FARMERS'    DAIRY   DISPATCH. 

Earth, 58  feet  =    58  feet 

Gray  sandstone  or  flaging, 236    '*    =294    ** 

No  water  found.     "  Gas  in  the  layers  at  250  to  270  feet." 

BORED  WELL   AT   WOODSIDE,    LONG   ISLAND,    N.    Y.,    FOR   THE 

citizens'    WATER   CO. 

This  well  has  a  depth  of  227  feet  and  enters  Gneiss  rock  at 
138  feet.  A  detailed  record  appears  on  page  80  in  its  proper 
place  with  the  records  of  other  wells  on  Cretaceous. . 

BORED  WELL   AT   WHITESTONE,    LONG   ISLAND,    N.   Y.,    FOR 

GEORGE    KNEUPERT. 

Depth,  96  feet. 

Commenced  in  dug  well  at  a  depth  of 16  feet. 

Clay 40  feet  =  56     " 

Quicksand, 14    '*    =70     *' 

Medium  coarse  gravel,  water-bearing, 26      *    ^96     ** 

This  well  was  finished  with  a  screen  and  produces  10  gallons 
a  minute  at  60  feet  below  the  surface. 
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BORED  WELLS  AT  FAIRFIELD,  CONN.,  FOR  MRS.  O.  B.   JENNINGS. 

Well  No.  I — Sand  and  gravel, 39  feet  =  39  feet. 

Gneiss  rock, 10    **    =  49     '* 

Supply,  60  gallons  a  minute  at  9  feet  from  the  surface. 

Well  No.  2— On  nearly  the  same  level,  but  350  feet  from  well  No.  i. 

Earth  and  sand, 42  feet  =  42  feet. 

Gneiss  rock, 16    *'    =  58     " 

Supply,  60  gallons  a  minute  at  6  feet  from  the  surface. 


BORED  WELL   AT   EASTON   PA.,   FOR  VEILES    BREWERY. 

Diameter,  8  inches  ;  depth,  500  feet. 

Earth, 31  feet  =    31  feet. 

"Limestone,** 469    **    =500     " 

Supply,  105  gallons  per  minute  at  43  feet  from  the  surface. 


BORED  WELL   AT   BETHLEHEM,   PA.,    FOR  T.    C.    CAFFREY. 

**  Hard  pan,*'  ...  30  feet  =  30  feet. 

Loose  yellow  sand,  with  clay, 16    "    =46     *' 

Yellow  sand, 20    "    =  66     ** 

Supply,  35  gallons  a  minute  at  27  feet  from  the  surface. 


BORED   WELL   AT   ROSE   GLEN,    PA.,   FOR  J.    N.    MEGARGEE. 

Earth,      11  feet  =  1 1  feet. 

Mica  rock, 88    *'    =  99    " 

Supply,  10  gallons  a  minute  at  28  feet  from  the  surface. 


BORED   WELL   AT   SEIGFRIED,    PA.,    FOR   THE    LAWRENCE 

CEMENT   CO. 

Rock,  *' all  cement  stone  "  to 194  feet. 

The  well  produces  10  gallons  of  water  a  minute  ;  the  boring, 
however,  was  not  completed. 
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BORED  WEIX  AT  YARDLEY,  PA.,  FOR  FRANK  ANDERSON. 

Earth 15  feet  =  15  feet. 

Red  shale, 30     '    =45 


„     i 


Supply,  3  gallons  per  minute.   . 


BORED  WELL   AT  YARDLEY,   PA.,    FOR   R.   C.    BELVILLE. 

Sand  and  IcxDse  stones, 37  feet  =  37  feet. 

Red  sandstone 21    "    =58    '* 

Supply,  15  gallons  per  minute  at  35  feet  from  the  surface. 


See*  2.    Bored  Wells  Reported  by  P.  H.  and  J.  G>nlan« 

The  following  records  of  wells  put  down  during  the  year  by 
P.  H.  and  J.  Conlan  have  been  courteously  furnished  by  that 
firm.  Among  them  the  well  records  at  Summit  and  vicinity 
are  especially  interesting,  and  supplement  those  reported  last 
year  by  C.  L.  Tribus  at  Chatham  and  Madison,  in  that  they 
demonstrate  a  phenomenal  and  abundant  overflow  of  water  in 
this  region  at  depths  of  from  80  to  150  feet  in  gravel  overlying 
the  Newark  red  sandstone  rocks,  and  apparently  overlaid  by  an 
impervious  bed  of  clay.  (See  note  by  H.  B.  Kiimmell,  second 
paragraph,  next  page.) 

TWO   BORED  WELLS   XEAR   Sl'MMIT,    BETWEEN   SUMMIT   AND 

CHATHAM. 

Depth  of  each,  120  feet. 

Near  Summit,  N.  J.,  remarkabk-  \vater-lx?aring  strata  were 
encountered  in  the  glacial  drift.  Two  wells  were  smik  near 
the  old  mill,  on  the  Passaic  river,  midway  Ix^tween  Summit  and 
ChathauL  Both  wells  are  120  feet  deep,  (ilacial  till  and  clay 
formed  the  overlying  beds,  iKMieath  which  a  water-lK\iring  Ix^d 
of  gravel,  resting  upon  the  re-d  slial'j,  was  struck.  The  water 
rose  10  feet  above  the  surface.  ( )wins^  to  the  lar<'e  amount  of 
free  ammonia  present,  the  water  was  unfit  for  use  and  the  wells 
have  been  clo.sed. 
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TWO   BORED  WELLS  THREE   MILES   NORTHEAST   OF   SUMMIT, 

ALONG   CANOE    BROOK. 

Depths  90  and  125  feet. 

Two  wells  w^ere  put  down  along  Canoe  brook  about  three 
miles  northeast  of  Summit.  The  first  well  was  125  feet  deep 
and  the  second  90  feet,  the  latter  with  an  8-inch  hole.  The 
overlying  strata  were  mainly  till  and  clay,  beneath  which  the 
water-bearing  gravel  bed  was  struck.  The  water  rose  25  feet 
above  the  surface.  One  million  gallons  per  day  is  the  estimated 
flow  from  these  two  wells.     The  water  is  excellent. 

(All  four  of  these  wells,  together  with  those  near  Chatham 
reported  by  Mr.  Tribus  in  the  Annual  Report  for  1898,  are  in 
the  basin  of  the  glacial  lake  Passaic,  and  the  impervious  clay 
beds  overlying  the  water-bearing  gravels  may  in  part  be  the 
lacustrine  deposits.     H.  B.  K.) 

WELL   IN   NEWARK,    N.   J.,    FOR   THE   CELLULOID   MFG.    CO. 

Depth,  827  feet 

**  We  put  down  a  lo-inch  well  for  the  Celluloid  Mfg.  Co.  to  a 
depth  of  827  feet ;  it  is  100  feet  to  rock  and  there  is  a  lo-inch 
hole  in  the  rock.  The  well  yields  a  ver}-  large  quantity  of 
water,  over  200  gallons  per  minute.  It  is  situated  on  Ferry  and 
Fillmore  streets,  at  their  works." 


WELL   IN    NEW^\RK,    N.   J.,    FOR   CAULEY,   CLARK   &   CO. 

Depth,  400  feet 

"  In  the  Newark  meadows,  near  the  Lehigh  Valley  Railroad 
track,  we  sunk  a  well  for  the  firm  of  Cauley,  Clark  &  Co.  We 
went  down  to  a  depth  of  400  feet,  obtaining  but  a  very  poor 
supply  of  water.  It  is  225  feet  to  the  red  sandstone,  which  is 
the  prevailing  rock  all  along  that  district  in  Newark.'' 
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WELL  AT  HARRISON,   N.  J.,    FOR   PETER  HAUCK  &  CO. 

Depth,  400  feet. 

This  well,  which  we  put  down  for  Peter  Hauck  &  Co.,  is 
situated  on  the  east  side  of  the  Passaic,  and  is  400  feet  deep.  It 
is  135  feet  to  rock,  the  remainder  being  in  soft  red  shale.  The 
yield  is  about  100  gallons  per  minute.  The  water  is  of  a  ver\' 
excellent  quality.     Harrison  avenue  and  5th  street. 


WELL  AT  KEARNY,   N.  J.,    FOR  THE   LINOLEUM   WORKS. 

Depth,  335  feet. 

The  depth  of  this  well  is  335  feet ;  35  feet  to  rock.  A  12-inch 
pipe  is  sunk  to  rock,  which  is  a  red  sandstone.  The  water  is 
very  good  in  quality  and  the  yield  is  over  150  gallons  per  minute- 


WELL  AT  WEST  ORANGE   FOR   E.  V.   CONNETT. 

Depth,  384  feet. 

The  well  for  this  finn  was  sunk  to  a  depth  of  384  feet  and  is  8 
inches  in  diameter.  It  yields  about  100  gallons  per  minute. 
The  water  is  of  excellent  quality.  It  is  50  feet  from  the  surface 
to  rock,  which  consists  of  red  shale  and  sandstone. 


TEST   BORINGS  TO   ROCK   ALONG   THE   PASSAIC   RIVER. 

We  have  recently  made  several  test  borings  along  the  Passa'ic 
and  at  the  Dundee  dam  for  the  U.  S.  Engineer  Corps,  and  find 
that  the  rock  lies  about  20  feet  from  surface  at  the  dam,  and  50 
feet  from  surface  at  the  Passaic  bridge  of  the  Erie  Railroad. 
Those  tests  were  made  with  a  view  of  finding  the  depths  to 
rock  incidental  to  making  the  Passaic  river  navigable  as  far  as 
Paterson. 
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WELL  AT  PASSAIC   FOR  THE  OKONITE  CO. 

Depth,  492  feet. 

We  sunk  this  well  to  a  depth  of  492  feet.  It  is  no  feet  ta 
rock,  which  is  red  shale.  The  yield  is  about  60  gallons  per 
minute,  and  the  water  is  excellent. 


TWO  WELLS   AT   PASSAIC   FOR   THE   PATERSON   PARCHMENT 

PAPER  CO. 

Well  No.  I — Depth,  i, 000  feet. 
Well  No.  2  (not  finished) — Depth  400  feet. 

The  first  well  we  sunk  for  the  Paterson  Parchment  Paper  Co. 
was  1,000  feet  deep;  pipe  was  sunk  to  rock,  55  feet.  Well 
yields  a  very  small  quantity  of  water.  We  are  at  the  present 
time  sinking  a  second  well  for  the  same  company  and  have 
already  drilled  to  a  depth  of  over  400  feet.  So  far  we  cannot 
give  full  account,  as  well  is  only  nearing  completion. 


WELL   AT   PASSAIC   FOR   ACHESON,    HARDEN   &   CO. 

Depth,  352  feet. 

About  a  half-mile  north  of  the  paper  factory  we  have  just 
completed  a  well  for  Acheson,  Harden  &  Co.  The  well  is  352 
feet  deep ;  rock  is  75  feet  from  surface.  It  is  a  remarkably  good 
well  and  yields  about  100  gallons  per  minute,  while  the  water 
is  of  an  excellent  quality. 

TEST   BORINGS   AT   PASSAIC   FOR   THE   GARA    MILLS. 

Depth  to  rock,  65  feet. 

We  also  made  test  borings  for  the  Gara  Mills  and  found  rock 
to  be  65  feet  from  the  surface,  and  the  water  seemingly  of  a 
good  quality. 
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BORED   WELL   IN   NEW   YORK  CITY   AT   BOULEVARD   AND 

72D  STREET. 

Depth,  700  feet. 

This  well  was  put  down  for  W.  E.  D.  Stokes,  and  was  drilled 
to  a  depth  of  700  feet  in  gneiss  rock  with  micaceous  strata,  and 
the  yield  is  about  25  gallons  per  minute.  The  water  is  of  a 
hard  quality. 

WELL   AT   ROCK  AW  AY,    L.    I.,    N.  Y.,  FOR   WM.    S.    ROGERS. 

This  well  we  sunk  for  Wm.  S.  Rogers,  at  Rockaway,  L.  I., 
and  is  a  remarkably  good  one.  The  water  was  found  in  great 
abundance  in  sand  and  gravel  near  the  surface.  The  quality  is 
good. 

See*  3»    Wells  'at  Jersey  Qty. 

Two  wells  are  reported  by  the  Joseph  Dixon  Crucible  Co.  as 
having  been  put  down  at  their  works  at  Jersey  City. 

Well  No.  I. — 1,205  f*^t  yields  22  gallons  per  minute. 
Well  No.  2.—   400    '*         *•      28 


li  14 


No  report  was  made  of  the  strata  penetrated,  but  they  were 
probably  glacial  drift  and  red  shale  and  sandstone. 
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WELL   AT   POMPTON   FOR   J.    D.   STRATTOX. 

Depth,  200  feet. 

At  Pompton,  N.  J.,  we  sunk  a  well  for  J.  D.  Stratton,  east  of 
railroad  station,  200  feet  through  a  close  stratum  of  blue  rock. 
Very  little  water  was  obtained  and  the  well  is  not  used. 

TEST   BORINGS   AT   RAHWAY   FOR   MERCK  &  CO. 

Depth,  100  feet. 

We  have  made  some  tests  at  Railway  to  the  depth  of  100  feet, 
near  where  we  drilled  wells  for  the  Pennsylvania  Railroad  Co. 
at  their  water-scoops.  The  rock  is  the  usual  kind  found  between 
Paterson  and  Trenton — that  is,  red  shale. 


BORED  WELL   AT  JERSEY  CITY    FOR  THE  GREENVILLE 

BREWING   CO. 

Depth  64  feet. 

In  Jersey  City,  on  the  west  side,  near  Newark  bay,  we  sunk 
a  well  for  the  Greenville  Brewing  Co.  to  a  depth  of  64  feet  and 
encountered  the  blue  trap-rock  of  the  Palisades ;  no  water  was 
obtained. 


W^ELL   ON   SHOOTERS'    ISLAND,   SOUTHERN   END  OF   NEWARK 

BAY   AND    NEAR    ELIZABETH. 

Depth    20()  feet. 

For  the  firm  of  Townscnd  &  Downey  we  .suiik  a  well  200  feet 
deep,  55  feet  to  rock,  and  met  with  very  peculiar  .strata,  con- 
sisting of  beds  of  a  yellow,  hard  rock,  interspersed  with  layers 
of  black  .slate.  We  drilled  to  a  depth  of  2cx)  feet,  but  found 
no  water.  (These  are  probably  the  metamorphosed  shales  over- 
lying the  Palisade  trajKsheet. — H.  B.  K.) 
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BORED   WELL   IN   NEW   YORK  CITY   AT   BOULEVARD   AND 

72D  STREET. 

Depth,  700  feet. 

This  well  was  piit  down  for  W.  E.  D.  Stokes,  and  was  drilled 
to  a  depth  of  700  feet  in  gneiss  rock  with  micaceous  strata,  and 
the  yield  is  about  25  gallons  per  minute.  The  water  is  of  a 
hard  quality. 

WELL   AT   ROCK  A  WAY,    L.    I.,    N.  Y.,  FOR   WM.    S.    ROGERS. 

This  well  we  sunk  for  Wm.  S.  Rogers,  at  Rockaway,  L.  I., 
and  is  a  remarkably  good  one.  The  water  was  foimd  in  great 
abundance  in  sand  and  gravel  near  the  surface.  The  quality  is 
good. 

Sea  3»    Wells  'at  Jersey  City* 

Two  wells  are  reported  by  the  Joseph  Dixon  Crucible  Co.  as 
having  been  put  down  at  their  works  at  Jersey  City. 

Well  No.  I. — 1,205  f^^t  yields  22  gallons  per  minute. 
Well  No.  2.—   400    **         •'      28 
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No  report  was  made  of  the  strata  penetrated,  but  they  were 
probably  glacial  drift  and  red  shale  and  sandstone. 


PART  III. 


Chlorine  in  the  Natural  Waters 

of  the  State* 


By  WILLIAM  S.  MYERS. 
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Chlorine  in  Natural  Waters  of  the  State^ 


By  WILLIAM  S*  MYERS. 


The  well-known  significance  of  chlorine  in  potable  waters  is  of 
sufficient  importance  to  render  the  adduceinent  of  theories  relat- 
ing to  it  unnecessar>'.  Sanitary^  authorities  are  in  agreement  as 
to  the  value  and  importance  of  the  chlorine  factor  in  the  fonna- 
tion  of  a  judgment  as  to  the  quality  of  a  water-supply.  As 
supplementary  to  the  Geological  Surv^ey's  studies  of  the  water- 
supplying  of  the  State,  analyses  have  been  made  with  a  view  to 
securing  data  for  a  map  of  the  State,  showing  the  normal  chlo- 
rine in  its  potable  waters  in  each  locality  throughout  the  State. 
Satisfactor>^  progress  has  been  made  and  valuable  data  secured 
during  the  past  ten  months.  Considerable  data  are  yet  to  be 
obtained  and  the  variation  in  chlorine  content  is  so  wide  as  to 
well  warrant  the  continuance  of  the  work ;  and  a  map,  at  least 
a  preliminar>'  one,  can  soon  be  made. 

The  data,  as  published,  will  be  useful,  it  is  hoped,  to  sanita- 
rians ;  and  it  will  invite  the  attention  of  every  one  interested  in 
water-supply ;  a  subject  of  evergrowing  importance  to  all  com- 
munities. 

As  an  illustration  of  the  use  of  the  map,  for  example  :  Should 
examination  show  the  chlorine  content  of  a  given  water  to  be, 
say,  ten  parts  per  million,  and  the  normal  for  that  place  be 
known,  from  our  map,  to  be  several  parts  less  per  million,  some 
explanation  of  the  difference  would  be  necessary,  otherwise  the 
quality  of  the  water  would  be  regarded  as  impaired.  In  the 
absence  of  adequate  explanation,  sewage  or  other  contamina- 
tion might  properly  be  suspected. 

If  the  sources  of  pollution  could  not  be  discovered  and 
removed,    the  water  should   be  rejected.     On    the  other  hand, 
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should  the  content  fall  below  the  normal,  or  equal  it,  the  fact 
would  be  strong  evidence  in  favor  of  pronouncing  the  supply  to 
be  a  good  one. 

In  short,  the  data  which  we  are  securing  will  serxe,  we  believe, 
to  render  the  results  for  the  chlorine  determination  in  waters  of 
New  Jersey  of  more  value  and  importance  than  ever  before. 
Instead  of-  more  or  less  conjecture  as  to  the  significance  of  the 
figures  for  chlorine,  we  shall  have  more  rigorous  and  exact  inter- 
pretation of  results,  and  consequently  more  trustworthy  opinions. 

As  to  artesian  supply  and  waters  not  regarded  as  strictly 
surface-waters,  a  separate  table  of  analyses  is  given.  These  are 
to  Ixr  taken  as  a  separate  study,  but  only  after  more  complete 
data  can  be  had  of  surface  supplies. 

In  regard  to  the  surface  supply,  when  rivers  and  small 
streams  are  recorded,  the  particular  places  will  be  indicated 
when  the  map  is  published. 

The  data  for  total  solids  in  the  surface  waters  will  be  inter- 
esting to  those  who  study  the  Surface  Geology  of  the  State,  and 
the  amount  of  annual  erosion  and  weathering  may  be  considered 
in  this  connection. 

Chemical  sanitary-  analyses  are  given  of  certain  waters,  and 
these  will  be  studied  in  connection  with  the  analvses  for  total 
solids  and  chlorine.  Taken  as  a  whole,  the  standards  for  this 
State  may  be  found  to  be  somewhat  different  from  other  local- 
ities. The  data  are  as  yet  not  complete  enough  to  enable  one 
to  draw  inferences  of  a  trustworthv  nature.  As  our  data  increase 
we  expect  that  careful  comparative  studies  will  throw  some 
additional  light  on  the  relations  of  surface,  ground  and  artesian 
supplies. 

Referring  to  the  general  subject  of  water-supply,  it  may  be 
well  to  note  that  in  a  recent  station  report  the  Vermont  official 
chemists  state  that,  of  the  large  number  of  waters  examined  by 
them  during  a  period  of  five  years,  20  per  cent,  of  the  spring 
waters  examined  were  impure.  Of  the  wells,  50  per  cent,  were 
impure.  Of  the  pond  and  stream  supplies,  41  per  cent,  were 
impure  or  unfit  for  use. 

In  view  of  the  steady  increase  in  the  population  of  our  State 
and  of  our  adjoining  great  cities,  and  in  view  of  the  steady 
increase  in  per  capita  dailv  consumption  of  water,  it  is  difficult 
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to  overestimate  the  importance  of  conser\nng  our  present  sup- 
ply. Equally  essential  is  the  completion  of  the  Survey's 
investigation  of  the  whole  subject  as  a  matter  of  vital  import- 
ance to  our  commonwealth. 

All  the  samples  were  taken  with  great  care ;  some  by  Pro- 
fessor Smock,  State  Geologist ;  some  by  Professor  S.  R.  Morse ; 
some  bv  Mr.  W.  C.  Hawlev ;  others  bv  Mr.  Kiimmel,  assistant 
State  Geologist,  and  Mr.  Smith  of  the  Sur\'ey.  A  number  of 
the  waters  were  also  sampled  by  the  writer. 


rutgers  college  chemical  laboratory,  december  i,  1899. 

William  S.  Myers, 

Department  of  Chemistry. 
Table  of  Analyses  of  Surface- Waters. 

Port  Jervis,  N.  Y.             Delaware  River.  Spring  Holmdel. 

Delaware  River*.         Delaware  Water  Gap.  Monmouth  County. 

•159) 

Total  Solids 36.40                      48.00  .   .    . 

Chlorine, 1.20                        2.90  6.80 

Clinton  Reservoir.                 Macopin.  Intal<e  Reservoir. 

(167)                                 (168)  (i6g) 

Total  Solids.     ....             63.20                      74- 80  60  00 

Chlorine 2. So                        2.60  2  70 

Lal<e  Hopatcong.           Hurd's  Hopatcong.  South  River 

(184)                                 (172)  at  Spotswood. 

Total  Solids 45. 00                     90  00  25.00 

Chlorine, 2.30                       2.40  5.30 

Lake  Mashipacong.              Sand  Pond.  Swartswood  Lake 

(x75)                                  (176)  (177) 

Total  Solids,     ....             16.00                      48.00  71.00 

Chlorine, 0.80                        1.20  2.10 

Culver's  Lake.               Big  Fiatbrook.  Sprlnp.  Culver's  Gap 

(178)                                   (179)  (180) 

Total  Solids,     ....             78.00                     30  00  38.20 

Chlorine, 0.80                        i.io  1.20 

Bevan's  Spring.  Red  Medina. 

Peter's  Valley.         iJ4  ml.  S.  W.  Wallpack.  Budd's  Lake. 

(181)  >                                (182)  (1S3) 

Total  Solids,     ....           194.00                      25.00  100.00 

Chlorine 2.40                       0.70  2.40 
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Total  Solids, 

Matchopanix 
River. 
(186) 

.   .           55-00 

Ambrose's  Brool<         Robinson's 
at  Bound  Brook.             Brook. 
U87)                       (188; 

9000                   167.00 

Morrlstown  City. 
(190) 
110.00 

Chlorine,     . 

.   .             6.40 

5.60                  6  20 

2.90 

Total  Solids, 

Somerville,             Trenton,             Lambertville.          East  Millstone,           Stony 
Raritan  River.    Delaware  River.     Delaware  River.      Millstone  River.        Brook. 
(157)                      (i6x)                        (160)                         (19))                     (192) 

98.00             80.00               78.00               63.00             75-00 

Chlorine,  .   . 

5.20 

4.80                     3.70 

6.60                   5.90 

Table  of  Detailed  Analyses  of  Surface  Waters  Submitted  for  Chemical 

Sanitary  Analysis. 

Delaware  River  Delaware  River       Delaware  River 

at                                    at  at 
Delaware  Water  Gap.           Lambertville.     Trenton,  Calhoun  St. 

Total  Solids, 48.00                    78.00  80.00 

Total  Organic  and  Volatile 

Matter, 8.00                    38.00  40.00 

TotalSalts,  Mineral  Matter,            40.00                    40.00  40.00 

Chlorine 2.90                      3.70  4.80 

Free  Ammonia, 0.04                      o.ii  0.12 

Albuminoid  Ammonia,  .   .               0.07                      005  o  oS 

Nitrogen  in  Nitrates,  .   .   .               0.12                      0.005  0.01 

Nitrogen  in  Nitrites,  .   .    .               0.004                    0.005  o-oi 

Clinton 
Reservoir 
near 

Raritan  River,  Newfoundland,           Intake  Macopin 

Somerville.             N.  J.                Reservoir.  Lake. 

Total  Solids, 90.00           63  20             60.00  74.80 

Total  Organic  and  Volatile 

Matter, 42.00            11.20             28.80  28.00 

TotalSalts,  Mineral  Matter,        56.00           52.00             31.20  46.80 

Chlorine 5.20             2.80               2.70  2.60 

Free  Ammonia, 0.16             0.14               0.12  0.09 

Albuminoid  Ammonia,  .   .           0.04             0.06               0.19  0.23 

Nitrogen  in  Nitrates,  .   .   .           0.02              0.00               0.00  0.00 

Nitrogen  in  Nitrites,  .   .   .           o.oi              o.co               0.00  coo 
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Table  of  Analyses  of  Artesian  Well  Waters. 

Lake  wood.  Asbury  Park. 

Bii^antine.  600  feet.  600  feet.  600  feet.  1,100  feet 

(150)  (151)  (152)  (153) 

Total  Solids,   .  .  .      125.00  119.80        108.60  126.00        136.00 

Chlorine 10.20  3.90  4.91  5.90  7.10 

Atlantic  City. 

"  Consumers'  Atlantic  City.  Hotel  Dennis.  Camden, 

pumping  station."  Gen'I  Supply.  850  feet.  Artesian. 

(154)  (155)  (156)  (158) 

Total  Solids,  ....  128.80  42.00  150.00  32.00 

Chlorine, 9.82  ^3-30  10.12  5.73 

Jersey  City  and 
Marlton  Well.  East  Orange.  Dixon  Ave. 

(X7i)  (170)  (174) 

Total  Solids 200  80  238.00  216.00 

Chlorine, 6.80  16.10  4052 


Detailed  Analyses  of  Waters  Submitted  for  Chemical  Sanitary 

Examination— Artesian  Wells. 

Lakewood s Asbury  Park v 

I.  II.  I.                   II. 

Total  Solids, 119  80  108.60  126.00        136.00 

Total  Organic  and  Volatile 

Matter, 39-30  18.10  28.40         40.00 

Total  Salts,  Mineral  Matter,          80.50  9050  97.60         96.00 

Chlorine 3.90  4.91  5.90           7.10 

Free  Ammonia, 003  005  004           0.03 

Albuminoid  Ammonia,  .   .             0.05  0.07  0.08           0.05 

Nitrogen  in  Nitrates,  ...             o  10  012  0.02           0.02 

Nitrogen  in  Nitrites,   ...             o  25  0.25  0.02           0.04 

Depth  of  Wells 600  ft.  600  ft.  600  ft.     1,100  ft. 

Atlantic  City.  Atlantic  City. 

Brigantine  Co.  General  Consumers'         Atlantic  City 

Brigantine.  Supply.  Station.            Hotel  Dennis. 

Total  Solids. 125.00  42.00  128.80           15000 

Total  Organic  and  Volatile 

Matter •.   .         25.00  800  38.40             46.00 

Total  Salts,  Mineral  Matter,       100.00  34  00  90.40            104.00 

Chlorine,     10.20  1330  9.82              10.12 

Free  Ammonia, 0.24  o  04  0.24               o  06 

Albuminoid  Ammonia,  .   .           0.00  0.04  0.04               0.03 

Nitrogen  in  Nitrates,  ...           0.00  o.oooi  0.00               0.06 

Nitrogen  in  Nitrites,    .   .   .           0.005  0.0000  0.00               0.00 

Depth  of  Wells, 700  ft.  30  ft.  856  ft. 
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Total  Solids 

Total  Organic  and  Volatile 

Matter, 

Total  Salts,  Mineral  Matter, 

Chlorine, 

Free  Ammonia 

Albuminoid  Ammonia,  .  . 
Nitrogen  in  Nitrates,  ,  .  . 
Nitrogen  in  Nitrites.  .  •  • 
Depth  of  Wells 


Camden 

Marlton 

East  Oranjje 

Supply. 

Town  Well. 

General  Supply 

32.00 

200.80 

238.00 

16.00 

58.00 

86.00 

16.00 

142.80 

152.00 

5.73 

590 

16.10 

0.05 

0.06 

o.oS 

0.07 

0.02 

o.oS 

0.02 

O.IO 

8.00 

0.00 

0.00 

0.00 

PART  IV. 


THE  MINING  INDUSTRY. 


L  Rqx)rt  on  Iron  Mines, 

By  GEORGE  E.  JENKINS. 


IL  Notes  on  Copper  Mines, 

By  HENRY  B.  KUMMEL. 
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Review  of  the  Iron  Mining  Industry* 


By  GEO,  E.  JENKINS,  C  E. 


During  the  past  year  the  iron-mining  industry  has  ex- 
perienced one  of  the  most  remarkable  revivals  in  its  history,  for 
at  no  time  were  there  fewer  mines  in  operation  and  prices  so 
low  as  at  the  close  of  last  year's  report.  At  that  time  pig  iron 
was  commanding  only  ten  dollars  per  ton  at  the  furnaces,  and 
New  Jersey  ore  sold  at  an  average  of  two  dollars  per  ton.  In 
January-  of  this  year,  after  a  long  period  of  extremely  low  prices, 
pig  iron  began  to  advance,  and  in  less  than  six  weeks  the  price 
had  risen  more  than  one  hundred  per  cent.  A  consequent  rise 
in  the  price  of  iron  ore  took  place,  and  has  continued,  so  that  the 
average  price  of  ore  to-day  is  about  three  dollars  and  one-half 
per  ton.  All  the  mines  that  were  in  operation  last  year  have  put 
forth  every  effort  for  an  increased  yield,  and  many  of  the  enter- 
prises which  had  been  closed  by  low  prices  have  resumed  opera- 
tions, and  several  sales  of  mining  property  have  taken  place  at 
something  like  the  old-time  prices.  Many  leases  have  also  been 
made,  and,  on  the  whole,  the  industry  is  probably  in  as  satisfac- 
tory' a  condition  as  ever  was  known  in  its  history. 

The  question  of  the  concentration  of  the  large  quantities  of 
lean  ores  has  also  received  closer  attention,  and  there  certainly 
is  a  wide -field  open  for  investigation  along  this  line.  The  con- 
centrating plant  at  Hibernia,  in  addition  to  the  one  at  Edison, 
has  been  operated  most  of  the  year  on  the  lean  refuse  from  the 
Hibernia  vein  and  Beach  Glen  ore.  At  the  close  of  last  year  the 
following  mines  were  in  operation :  Hurd,  Richard,  Edison, 
Lower  Wood,  and  Wharton,  on  the  Hibernia  vein,  and  the  new 
Sterling  Slope,  at  Irondale.  To  this  list  is  to  be  added,  as  now 
in  operation,  the  Ringwood  mines,  Green  Pond,  Beach  Glen, 
Ford,    Weldon,  Kishpaugh,  Oxford  mines   and   the  ]\It.   Hope 

(151) 


152  ANNUAL  REPORT  OF 

mines,  and  the  following  notes  are  a  more  extended  review 
of  these  several  enterprises  as  well  as  references  to  a  number  of 
promising  prospective  ore  properties. 


The  Iron-Mining  Industry* 

HURD   MINE,    HURDTOWN,    N.  J. 

The  owners  of  this  property  did  some  prospecting  with  a  dia- 
mond drill  in  search  for  new  shoots  of  ore,  but  nothing  ver\' 
promising  was  secured  from  the  tests,  and  the  results  of  this 
work  were  reported  last  year. 

In  the  spring  of  1899  a  lease  was  made  with  Pilling  &  Crane, 
of  Philadelphia,  and  they  have  been  mining,  from  old  workings^ 
about  two  hundred  tons,  of  ore  per  month,  and  in  addition  have 
been  exploring  for  new  shoots  of  ore.  This  work  consists  in  the 
driving  of  a  cross-cut  from  the  old  working,  known  as  the  "Clay 
shaft,''  in  a  southeast  direction  toward  the  old  Hurd  shoot  of  ore 
for  a  distance  of  120  feet,  where  a  deposit  of  ore  was  cut,  but  it 
proved  to  be  small  and  to  have  been  previously  worked  upon. 
A  shaft  209  feet  deep  was  sunk  so  as  to  come  down  upon  the  off- 
set, and  a  cross-cut  or  drift  is  now  being  driven  along  the  throw 
of  the  offset  toward  the  large  deposit  of  ore  presumed  to  have 
been  broken  off  from  the  old  deposit. 

RICHARD    MINES. 

During  the  year  the  work  on  the  ver\^  remarkably  large  deposit 
of  ore  which  has  been  developed  in  the  past  four  years  has  shown 
that  the  size  and  extent  of  the  deposit  has  not  yet  been  deter- 
mined. The  large  quantity  of  ore  found  on  the  foot-wall  side  of 
the  vein  has  during  the  past  year  teen  duplicated  by  the  discov- 
ery and  working  of  an  ecjually  large  deposit  on  the  hanging-wall 
side.  The  drifts  driven  in  an  easterly  direction  along  the  hang- 
ing-wall have  shown  ore  from  fifteen  to  twenty  feet  thick,  and 
as  much  as  could  be  safely  removed  has  been  taken  out,  but  a 
very  large  amount  still  remains. 

The  ore  in  the  foot-wall  in  Xo.  2  mine  has  been  blasted  down, 
and  carried  with  it  the  small  ''horser/'  or  rock,  so  that  the  dis- 
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tance  from  wall  to  wall  is  ven^  near  one  hundred  feet,  and  con- 
sequently too  wide  a  gap  to  keep  up  by  timbering. 

The  drift  six  hundred  feet  east  of  No.  2  shaft  has  gone  for- 
ward and  pressed  through  the  pinch  or  roll  in  the  deposit,  and 
from  present  indications  the  vein  is  returning  to  its  regular  dip. 

No  work  has  been  done  in  No.  3  shaft  during  the  past  year, 
because  of  the  unsatisfactory^  condition  of  the  shaft  near  the  sur- 
face, and  all  the  energ>'  possible  has  been  devoted  to  the  sinking 
of  the  new  slope,  known  as  No.  5. 

The  product  of  the  mine  has  been  curtailed  about  36,000  tons, 
owing  to  the  shut-down  of  the  No.  3  shaft. 

In  the  No.  i  mine  some  explorations  were  made  on  both  the 
foot-wall  and  hanging-wall  side  of  the  vein,  and  ore  was  discov- 
ered which  ran  about  ten  feet  thick  in  both  drifts. 

No  sinking  has  been  done  during  the  past  year,  as  it  will  take 
at  least  two  years  to  remove  the  ore  standing  in  sight  on  the  foot 
and  hanging  walls. 

The  No.  5  slope,  which  is  to  be  the  main  outlet  of  the  mine, 
is  now  down  700  feet,  and  at  the  500-foot  level  a  cross-cut  no 
feet  long  was  driven  to  the  Mount  Pleasant  vein,  and  a  deposit 
eight  feet  thick  was  cut.  The  drifts  east  and  west  are  now  being 
planned,  and  in  all  probability  ore  will  be  mined  from  this  part  of 
the  vein  before  the  year  1900  closes. 

The  slope  known  as  No.  6,  which  was  planned  to  strike  the 
Mount  Pleasant  vein,  has  been  put  down  550  feet  and  "  holed 
through  ''  to  the  present  easterly  working  on  this  vein.  This 
will  put  an  end  to  the  long  ^*  tram  "  of  more  than  a  thousand  feet 
to  Slope  No.  I,  through  which  the  ore  now  finds  an  outlet  to 
the  surface. 

A  large  amount  of  money  is  being  expended  in  the  introduc- 
tion of  new  machinery,  consisting  of  a  nest  of  boilers  having  a 
capacity  of  1,500  horse-power,  and  a  large,  latest-improved  In- 
gersoll  Sergeant  air-compressor  of  750  horse-power.  A  new 
pumping  system  will  also  be  installed  in  No.  5  slope,  and  a 
modern  hoist-way  and  equipment  will  all  add  to  a  very  decided 
increase  in  the  ore  tonnage  of  this  property. 
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MOUNT   HOPE   MINES. 

The  property  of  the  Mount  Hope  Mining  Company  was  pur- 
chased early  in  1899  ^y  ^^^  Empire  Steel  and  Iron  Comi>any  of 
New  York  City,  and  during  the  year  the  working  in  the  Eliza- 
beth mine  has  been  unwatered  and  about  3,000  tons  of  ore  re- 
moved from  the  western  end  of  the  mine  adjoining  the  Teabo 
property.  A  new  shaft  which  was  put  down  to  the  face  of  the 
eastern  stope  from  the  tunnel  level  has  been  opened  to  surface, 
and  this  shaft  will  give  improved  facilities  for  removing  the  ore. 

The  ore  mined  was  found  on  analvsis  to  contain : 

Metallic  iron,  .   .   ,   ; 61.822 

Silica, , 6  700 

Lime,     1.600 

Magnesia, trace 

Sulphur, 

Manganese, 

Aluminum, i  50 

This  is  the  richest  of  the  five  veins  of  ore  existing  on  this 
tract. 

The  deepest  working  in  the  Elizabeth  vein  is  195  feet,  and 
the  deposit  has  been  worked  200  feet  along  the  vein  in  its  north- 
ast  southwest  trend.  The  width  of  the  vein  is  from  4  to  6  feet. 
The  Tavlor  mine  and  the  Side  Hill  mine  have  not  vet  been 
freed  from  water,  but  these  two  mines  will  be  pumped  out  dur- 
ing the  coming  year.  The  workings  in  the  Taylor  vein  are  576 
feet  along  the  vein,  and  the  present  ore-shoot  has  a  height,  from 
the  top  to  the  bottom,  of  240  feet  and  an  average  thickness  of 
10  feet.  The  Side  Hill  vein  is  480  feet  deep  to  the  bottom 
working,  and  the  ore-shoot  is  192  feet  high  and  average  6  feet 
thick. 

The  Hrennan  vein  and  one  other  vein  are  both  small,  and  pay 
to  work  only  when  prices  are  high. 

The  Hickory  Hill  ore-<lep()sits  have  not  been  worked  for  some 
years,  and  some  plan  will  be  fixed  upon  to  give  this  property  a 
thorough  test.  It  is  the  intention  of  the  present  operators  to 
make  this  property  yield  at  least  icx),0(X)  tons  of  ore  a  year. 
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NEW  STERLING   SLOPE   AND   HURD   MINE. 

The  work  during  the  year  has  consisted  in  developing  the 
ground  between  the  eastern  offset  and  the  Hurd  workings.  The 
old  Hurd  slope  has  been  pumped  out  and  a  drift  driven  to  inter- 
sect the  old  workings  in  Hurd  mine,  thus  affording  much  needed 
relief  in  the  way  of  ventilation,  and  enabling  a  change  in  the 
pumping  arrangements  which  will  reduce  the  present  water-lift 
185  feet.  The  amount  of  water  is  60  gallons  per  minute,  and 
it  is  all  pumped  by  steam  pumps. 

On  No.  5  level,  in  driving  toward  Hurd  mine,  a  large  body  of 
ore,  9  feet  wide,  60  feet  high,  was  opened  upon,  and  in  No.  6 
level  the  vein  is  6  feet  wide.  On  No.  8  level,  in  the  drifts  east 
of  the  offset,  the  vein  showed  a  width  of  12  feet  of  clear  gran- 
ular ore. 

The  Sterling  slope  was  sunk  30  feet,  mostly  in  barren  ground, 
but  the  sink  is  to  be  put  down  60  feet  or  more  in  order  to  test 
for  a  lower  shoot  of  ore  underlying  the  old  No.  13  shoot. 

These  developments  show  what'  may  be  expected  under  the 
old  Hurd  slope,  and  adds  considerable  encouragement  to  the 
operators  of  this  and  adjoining  property — the  Orchard  mine. 


BEACH   GLEN    MINES. 

The  prospecting  work  carried  on  by  the  Beach  Glen  Mining 
Company  in  the  year  1898  was  stopped  after  a  few  months,  and 
a  lease  made  to  Joseph  Wharton,  who  has  been  operating  the 
mine  for  the  purpose  of  concentrating  the  ore  in  the  w^orks  at 
Hibernia.  The  method  of  mining  consists  of  open  cutting,  as 
the  deposit  is  nearly  thirty  feet  wide.  The  material,  as  it  is 
mined,  yields  30  to  40  per  cent,  of  iron,  and  the  concentrate  is 
60  per  cent.  The  material  crushes  and  separates  well,  and,  as  it 
is  a  Bessemer  to  start  with,  the  final  product  is  very  low  in  phos- 
phorus. 

The  mill  was  put  in  operation  during  the  summer  of  1899, 
and  3,750  tons  of  concentrates  obtained  from  the  refuse  rock  of 
Hibernia  vein.  The  Beach  Glen  ore  has  been  used  only  in  the 
latter  part  of  the  year,  and  about  900  tons  of  crude  material  put 
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through  the  mill,  yielding  400  tons  of  concentrates,  which  ran 
60  per  cent,  in  metallic  iron  and  .009  phosphorus. 


HIBERNIA   MINES. 

The  group  of  mines  along  this  deposit  consists  of  the  follow- 
ing: 

THE   LOWER   WOOD   MINE. 

As  was  stated  in  last  year's  report,  the  amount  of  work  done 
on  this  property  is  very  limited,  but  as  it  is  the  outlet  for  all  the 
ore  mined  from  the  adjoining  Church  or  Crane  lot,  it  is  of  con- 
siderable interest  and  vahie  to  the  operators  on  this  account. 
The  work  for  the  year  in  .actual  mining  has  been  confined  to  the 
Church  or  Crane  lot,  and  it  consists  of  the  driving  of  stopes  No. 
19  and  No.  20  toward  the  De  Camp  line  to  the  eastward  and 
sinking  on  No.  21  level.  This  is  the  deepest  working  on  the 
Hibernia  vein,  and  is  851  feet  below  tunnel  level  and  268  feet 
below  sea  level.  The  width  of  the  vein  in  the  present  stopes  is 
about  thirteen  feet,  but  there  is  more  or  less  rock  in  the  vein, 
and  it  is  not  at  all  regular,  being  ver\'  ''bimchy."  The  ore- 
shoots  are  lenticular  in  form  and  have  a  pitch  of  about  27  degrees 
to  the  northeast. 


CHURCH   OR   CRANE   MINE. 

This  mine  lot  owned  by  the  North  Refonned  Church,  of  New- 
ark, N.  J.,  and  leased  by  the  Andover  Iron  Company,  was  pur- 
chased by  the  lessees  during  the  past  year  and  has  been  operated 
through  the  Lower  Wood  Mine. 


DECAMP    MINE. 


The  owners  of  this  property  have  not  had  any  mining  done 
since  1890,  but  during  the  year  1899  Mr.  Joseph  Wharton 
became  the  owner,  and  the  mine  will,  without  doubt,  be  a  pro- 
ducer next  vear. 
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UPPER   WOOD   MINE. 

The  Glendon  Iron  Company  fonnerly  operated  this  mine,  but 
durino^  the  year  Mr.  Joseph  Wharton  secured  the  title  to  the 
property,  together  with  the  Glendon  mine  lot,  from  the  receiver 
of  the  Glendon  Iron  Company.  The  underground  railroad  tun- 
nel is  being  driven  in  the  foot- wall  rock  so  as  to  connect  with 
the  shafts  on  the  Upper  Wood  and  DeCamp  properties,  and  the 
mine  no  doubt  will  be  in  operation  next  year. 

WHARTON    MINE. 

At  no  time  in  its  history-  has  this  mine  been  so  great  a  pro- 
ducer as  during  the  past  year,  and  the  future  is  most 
promising.  During  the  year  ever}^  available  stope  has  been 
worked  and  these  nine  stopes  have  yielded  a  large  tonnage  of 
ore.  In  addition  to  the  regular  stoping  a  sink  of  50  feet  was 
put  down  and  the  ore  body  continued  to  show  the  same  regu- 
larity of  width. 

The  improvements  in  the  mine  plant,  made  note  of  in  last 
year's  report,  have  been  completed*  and  two  well-equipped 
hoistways  are  now  available,  through  which  the  mine's  product  is 
hoisted  to  surface. 

The  new  shaft  on  the  eastern  end  of  the  property  has  been 
sunk  an  additional  depth,  but  no  great  quantity  of  ore  has  been 
discovered.  At  a  depth  of  105  feet  a  shoot  of  ore  was  cut,  but 
it  lacked  continuity  and  soon  cut  out.  It  is  the  purpose  to  con- 
tinue the  sinking  and  *Miole ''  through  to  the  drift  which  is 
being  driven  eastward  to  intersect  the  shaft,  thus  giving  an 
additional  outlet  for  the  eastern  end  of  the  mine.  The  recent 
purchases  made  by  Joseph  Wharton  now  give  him  control  of 
3,300  feet  along  the  Hibernia  vein  and  practically  consolidating 
the  whole  mining  interest  in  one  operator.  This  will  certainly 
lead  to  valuable  results  and  increase  the  product  of  one  of  the 
most  persistent  ore-deposits  in  New  Jersey. 

GREEN    POND   MINE. 

For  almost  twenty  years  the  Green  Pond  mines  have  been 
idle,  principally  because  of  legal  difficulties  and  the  inability  of 
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the  conflicting  interests  to  get  together  npon  some  satisfactor\' 
basis.  In  1898  The  Carterette  Steel  Company,  of  31  Nassau 
street,  New  York  city,  began  to  acquire  interest,  and  the  whole 
tract  of  the  Copperas  mine  is  now  owned  by  this  company. 
The  mine  has  been  pumped  free  from  water  and  a  new  plant  is 
being  erected  with  which  to  actively  work  the  mine. 

The  several  lines  of  attraction  across  this  tract  have  been 
opened  upon  by  shallow  test-pits,  but  the  work  has  been  done 
without  definite  aim  or  plan  in  mind,  and  hence  no  ver\'  satis- 
factory data  is  at  hand  from  which  to  draw  accurate  conclusions. 
The  workings  in  Slopes  Nos.  i  to  6  have  been  carried  deep 
enough  to  give  some  idea  as  to  the  length,  width  and  continuity 
of  the  ore  body.  Slope  No.  i  is  the  deepest  working,  being  210 
feet  vertical  and  360  feet  on  the  angle  of  the  slope.  The  deposit 
is  shown  to  be  70  feet  high  and  from  20  to  25  feet  thick,  but  the 
material  in  both  the  bottom  of  the  slope  and  overhead  carries 
ore,  and  no  defined  cap  or  bed-rock  has  yet  been  found. 

Opening  No.  3  is  74  feet  to  the  northeast  of  No.  i,  and  the 
ground  between  these  two  openings  is  ore,  so  that  practically  the 
two  openings  are  made  in  the  same  shoot  of  ore.  The  bottom  of 
No.  3  is  70  feet  below  the  outcrop,  and  the  slope  is  170  feet  long. 
At  the  face  of  the  breast  the  workings  are  60  feet  high  and  20 
feet  thick.  Nos.  4  and  5  are  openings  of  shallow  depths,  but 
large  quantities  of  ore  were  mined  by  the  previous  operators 
from  these  two  openings.  The  foot-wall  in  all  these  openings 
is  clean,  but  the  hanging-wall  is  not,  and  the  amount  of  mag- 
netite in  the  mass  would  indicate  that  the  true  w^all  has  not  been 
found.  The  deposit  was  from  20  to  25  feet  wide.  The  results 
from  the  magnetic-needle  obser\'ations,  together  wnth  the  infor- 
mation gained  from  test-pits  along  the  out-crop,  show  this 
deposit  of  ore  to  l:)e  continuous  to  the  northeast.  There  is  very 
little  water  to  contend  with  and  very  little  tinil>ering  is  neces- 
sary, thus  making  fixed  mining  charges  ver\'  light. 

The  vein  to  the  northwest,  as  well  as  the  one  to  the  southeast, 
has  \)eQn  worked  only  to  a  very  limited  degree,  but  ore  of  var\*- 
ing  width  has  Ix^cn  found  to  exist.  The  ore  from  the  main 
deposit  is  a  dense  magnetite,  high  in  sulphur  and  so  low  in 
phosphorus  as  to  pass  the  Bessemer  limit.  The  property  has 
always  l)een  looked  upon  as  a  most  promising  deposit,  and  the 
work  now  installed  will  l)e  watched  with  i^reat  interest. 
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FORD   MINE. 

There  has  been  some  work  upon  this  property,  under  the 
direction  of  Isaac  Hance,  of  Dover,  but  it  has  been  confined  to 
recovering  ore  above  water-level  and  cobbing  the  refuse  ore- 
heaps  from  previous  operations. 

OXFORD   MINES. 

The  Empire  Steel  and  Iron  Company  purchased  and  has 
operated  this  property  during  the  year  1899. 

On  July  ist,  work  was  begun  in  repairing  the  furnace  and 
pumping  out  the  mine.  Only  the  Washington  Mine  and  Slope 
No.  3  have  been  put  in  working  order,  and  Slope  No.  3  is  the 
only  one  through  which  ore  was  mined.  In  Slope  No.  3  the 
workings  are  700  feet  long  and  an  east  and  west  stope.  On 
the  west  stope  the  vein  is  4  feet  wide,  but  the  eastern  stope  has 
widened  out  to  10  feet  of  ore,  and  a  product  of  over  80  tons  per 
day  is  being  taken  out. 

FELLOWS   AND   QUEEN   MINES. 

The  Fellows  Mine  has  been  purchased  and  a  lease  secured  on 
the  Queen  Mine  by  this  company,  and  these  mines  are  both 
being  put  into  mining  shape.  Neither  of  these  two  mines  pro- 
duced any  ore  in  1899,  and  the  condition  of  the  workings  has 
not  changed  since  last  reported  upon,  just  before  they  suspended 
operations  owing  to  the  low  prices  then  in  command. 

KISHPAUGH    MINE. 

The  firm  of  Pilling  &  Crane  re-opened  this  mine  under  lease 
during  the  past  summer  and  have  been  mining  about  250  tons 
of  ore  per  month.  The  present  workings  are  all  on  the  Cook 
farm.  The  depth  of  the  workings  and  the  extent  of  the  deposit 
are  the  same  as  noted  in  the  report  of  1896.  But  the  ore  is  not 
as  rich  in  metallic  iron  and  is  higher  in  phosphorus  and  sulphur 
than  what  was  found  in  the  more  shallow  workings  on  the 
Kishpaugh  farm,  as  is  evidenced  from  the  following  analysis : 
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Metallic  iron, 48.516 

Phosphorus, .042 

Sulphur, .930 


RIXGWOOD     MINES. 

The  activity  of  the  iron  business  has  had  the  effect  of  re-op>en- 
ing  the  Ringwood  mines,  and  the  two  large  shoots  of  ore  worked 
before  the  mines  were  closed  are  producing  ore.  The  product  is 
sold  in  market,  and  the  most  of  it  has  been  used  at  the  Pequest 
Furnace,  by  Joseph  Wharton,  lessee. 

As  a  result  of  the  study  of  the  mining  enterprises  the  facts  are 
ver}'  prominently  brought  out  that  many  of  the  deposits  which 
have  been  idle  for  years  past  were  not  exhausted,  but  were  closed 
principally  by  reason  of  the  remarkably  low  prices  that  have 
been  in  command. 

The  acquisition  of  many  of  the  mining  properties  by  one  indi- 
vidual or  corporation,  such  as  has  been  taking  place  during  the* 
past  year,  will  certainly  result  in  a  reduction  of  operating  ex- 
penses, and  will  ultimately  be  beneficial  to  the  general  mining 
interests  of  the  State.  In  view  of  the  revival  of  mining  industry, 
and  for  the  purpose  of  directing  the  attention  of  those  seeking 
iron-ore  properties,  the  following  list  of  mines  is  republished, 
with  such  information  as  could  be  gathered  in  reference  to  the 
ownership,  size  of  deposit  and  accessibility  of  product  to  points 
of  shipment,  etc. 


DALRVMPLK    MINK,    SOUHWEST    OF    DOVER,    RANDOLPH 

TOWNSHIP. 

The  developments  made  ui)on  this  property  have  thoroughly 
tested  the  deposit,  and  a  continuous  vein  of  more  than  500  feet 
in  length,  and  averaging  four  to  five  feet  of  ore,  was  worked  by 
the  last  ()i)crat()rs.  The  liigh  royalty  and  distance  from  the  rail- 
road are  the  two  items  of  ex])cnse  which  closed  the  mine.  With 
these  out  of  tlie  way,  the  pro])erty  would  1k^  a  most  promising 
one.     The  following  is  an  analysis  of  ore  as  shipped  : 
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Metallic  iron, 54.064 

Silica 18.00 

Phosphorus, 25 

Sulphur, trace. 

BROTHERTON    MINE,   RANDOLPH   TOWNSHIP,  MORRIS  COUNTY. 

This  property  was  last  worked  in  1882,  and  the  parties  now 
controlling  it  are  negotiating  a  lease. 

BLACK   HILLS   MINE. 

The  Dickerson  Succasunna  Mining  Company  renewed  opera- 
tions here  in  the  fall  of  1899.  Several  of  the  pits  have  been 
pnmped  out  and  preparations  are  being  made  for  active  mining. 
The  prex-ioiis  work  showed  that  there  are  four  small  veins  and 
the  deepest  is  only  100  feet.  The  material  was  rich  in  iron  and 
\ery  low  in  phosphorus. 

ORCHARD    MINE. 

Some  negotiations  are  now  under  way  through  which  this 
mine  will  probably  be  leased  and  put  in  operation.  The  develop- 
ments on  the  adjoining  property  of  the  New  Jersey  Iron  Mining 
Company  throw  considerable  light  upon  the  future  prospect  of 
this  mine,  and  afford  encouragement  to  the  owners. 

ERB   AND  SCRUB   OAKS   OR   DELL   MINE. 

The  large  body  of  ore  known  to  exist  on  these  properties 
owned  by  the  Andover  Iron  Company  is  probably  one  of  the 
best  ores  in  New  Jersey  for  concentration.  The  magnetite  is 
found  associated  with  a  gangue  made  up  principally  of  feldspar  of 
a  granular  structure  which  cnishes  easily  and  is  in  every  way, 
so  far  as  its  physical  structure  goes,  well  adapted  for  separation 
and  concentration  of  the  magnetite.  The  general  run  of  the  ore 
is  about  40  per  cent.,  and  very  low  in  phosphorus. 

Negotiations  are  now  under  way  for  a  lease  to  a  party  of  capi- 
talists, who  propose  opening  the  property  and  constructing  a 
concentrating  plant.  The  shipping  facilities  are  of  the  best,  as 
the  mine  is  accessible  to  two  railroads  and  canal. 

II  GEOL 
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HOFF    MINE. 

The  Chester  Iron  Company  operated  this  mine  for  a  long  term 
of  years,  but  finally  gave  up  the  lease,  and  in  1885  and  1886  it 
was  operated  by  Oram  Hance  &  Co.  There  are  two  veins  and 
the  works  are  not  leased.  The  property  is  worthy  of  more  care- 
ful attention. 

ALLEN    MINE. 

Now  owned  by  Joseph  Wharton,  and  some  work  is  to  be  done 
in  hopes  of  finding  the  remarkable  body  of  ore  which  has  been 
developed  on  the  adjoining  property.  A  careful  study  of  the 
Richard  mine  underground  workings,  in  connection  with  the 
Allen  workings,  will  surely  throw  some  light  on  the  probability 
of  finding  the  ore  body  on  this  property. 


HIGH    LEDGE   MINE. 


The  analysis  of  the  ore  from  this  mine  shows  it  to  run  58  to 
60  per  cent.,  and  the  property  is  worthy  of  consideration  at  the 
hands  of  parties  looking  for  iron  ore. 


DEKAY    FARM,    VERNON   TOWNSHIP. 

Observations  by  magnetic  needle  show  a  well-defined  line  of 
attraction  along  the  strike  of  the  rock,  and  here  and  there  an 
outcrop  of  ore.  A  small  test-pit  was  put  down  about  6  feet  and 
a  deposit  of  ore  of  workable  size  was  uncovered.  The  following 
is  an  analysis  of  an  average  of  the  vein.  The  high  percentage 
of  titanium  and  silica,  and  the  leanness  of  the  ore,  operate 
against  it  as  a  very  promising  mining  property  : 

Metallic  iron 45-75 

Silica 31.40 

PhosphorUvS, 11 

Sulphur, 41 

Titanium 2.81 
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HematHe  Ore* 

The  quantity  of  hematite  ore,  in  comparison  with  the  magnetic 
deposits  in  New  Jersey,  is  of  ver}'  limited  area,  but  there  are 
some  localities  where  large  bodies  of  this  ore  have  been  worked, 
notably  the  one  at  Beattystown.  Some  prospecting  shafts  were 
sunk  during  the  past  year,  and  ore  in  paying  quantities  found  at 
a  depth  of  about  20  feet  from  surface.  It  averages  40  per  cent, 
of  metallic  iron,  and,  if  the  heavy  stripping  charges  could  be 
eliminated,  the  property  would  develop  into  a  valuable  one. 
A  modified  plan  of  the  "  long  wall ''  system  of  coal  mining, 
which  has  been  used  so  successful  at  the  Kishpaugh  mine,  is 
worthy  of  careful  consideration.  The  property  is  close  b>'  good 
hipping  facilities  and  the  royalty  asked  is  not  excessive.  The 
product  of  the  mine  in  times  past  was  as  high  as  4,000  tons  per 
month.  Some  carbonate  of  iron  was  discovered  at  the  bottom  of 
the  mine  about  the  time  the  mining  was  closed  down,  but  its 
extent  was  not  detennined. 

Other  hematite  deposits  which  have  yielded  very  considerable 
ore  in  times  past  are  the  old  Pochuck  mine  near  MacAfee,  in 
Sussex  county,  and  the  several  openings  along  Marble  mountain, 
near  Phillipsburg. 

The  Zinc  Mines* 

The  New  Jersey  Zinc  Company  has  operated  its  mines  at 
Franklin  Furnace,  during  the  year,  to  their  full  capacity,  and  a 
large  sum  of  money  has  been  spent  for  the  erection  of  a  new 
concentrating  plant  of  a  daily  capacity  of  1,000  tons.  The  old 
mill  at  the  Parker  shaft,  which  has  been  in  operation  all  the  year, 
has  a  capacity  of  500  tons.  These  two  mills  are  intended  to 
handle  product  from  all  the  company\s  mines,  both  at  F^ranklin 
Furnace  and  Sterling  Hill,  and  the  entire  zinc  product,  from 
this  district,  is  passed  through  the  concentrating  mill.  The 
quantity  of  zinc  ore  mined  has  been  larger  than  ever  before  and 
the  future  is  as  promising  as  ever. 

The  high  prices  in  the  zinc  market  have  stimulated  search  for 
new  deposits  and  on  the  Neighbor  farm,  near  Vernoy  station, 
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in  Hunterdon  county,  High  Bridge  Branch  of  C.  R.  R.  of  N.  J., 
some  work  has  been  done  in  the  hope  of  finding  a  paying 
deposit.  The  work  consists  of  the  sinking  of  a  shaft  in  the 
limestone  and  the  discovery  of  some  zinc  ore  in  the  shape  of 
"  blende/'  The  amount  found  has  not  been  very  considerable 
and  it  is  in  isolated  bunches  without  anv  well  defined  line  of 
continuity.  The  developments  had  not  been  carried  along  ver\' 
far,  but,  at  the  time  of  our  visit,  the  prospect  was  not  very 
encouraging. 
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Analyses  of  New  Jersey  Iron  Ores* 

A  knowledge  of  the  chemical  constituents  of  the  iron  ores 
used  in  a  modem  blast-furnace  has  become  a  very  important 
factor  in  the  management  of  such  enterprises,  and  the  Geological 
Survey  in  previous  reports  has  published  numerous  analyses  of 
the  ores  from  the  different  mines  in  the  State  for  the  purpose  of 
throwing  all  the  light  possible  upon  the  value  and  economic  use 
of  the  ores.  The  following  collection  of  analyses,  which  has 
been  placed  at  the  disposition  of  the  Survey  by  Mr.  B.  F.  Fack- 
euthal,  President  of  The  Thomas  Iron  Co.,  is  published  by  his 
consent  and  with  the  hope  that  the  information  will  be  of  value 
to  the  general  iron-mining  industry. 


MATTISON   OPENINGS   NEAR   ANDERSONTOWN,    HUNTERDON 

COUNTY. 

Sampled   by   Mr.   Fackenthal ;   tested   in   the  Hokendauqua 
Laboratory,  March,  1886. 

Silica 30.15 

Titanic  acid, Trace. 

Metallic  iron, 35.42 

Phosphorus, 006 

Sulphur, 4.03 

Other  analyses  furnished  by  Dr.  Mattison  showed  37.37  and 
37.39  per  .cent,  metallic  iron. 

HAGER   MINE,    HUNTERDON    COUNTY. 

Durham  Iron  Works  found  : 

Titanic  acid. 7.02  5.64  4.09 

Phosphorus 19 

Silica*  .  6.64 

Metallic  iron, 56. 39 

vansyckle's,  or  church  mine. 
Contains  .31,  .38  per  cent,  of  vanadic  acid. 
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PETTY   MINE,    NEAR    BLOOMSBURY. 

Sample  taken  from  25  or  30  tons  on  dump,  shows : 

Metallic  iron, 54-37 

Phosphorus, 02 

Sulphur, None. 

Manganese, 18 

Silica, 14.87 

Lime,      2.32 

Magnesia, 5.31 

Alumina, 40 

Titanic  acid, None. 

Oxide  of  nickel,  . 63 

Magnetic  Ore. 

Mr.  Fackenthal  will  comfirm  analysis  of  the  above  ore  for 
nickel.     Property  belongs  to  J.  C.  Cougle,  Bloomsbury,  N.  J. 

LEBANON   MINE. 

Owner  claims  to  have  1,200  tons  on  dump  at  mines. 

Silica      20.40  14.185 

Titanic  acid, 47 

Metallic  iron, 41.50  45075 

Phosphorus,      1.66  1625 

Sulphur 2.74  3-634 

South  of  New  Jersey  Central  road.     The  property  belongs  to 
the  estate  of  D.  K.  Hoffman,  i  Yz  miles  from  Lebanon,  N.  J. 

BEDELL    MINE. 

Operated  and  owned  by  Cooper  &  Hewitt. 

Metallic  iron, 34-72  34-93 

Silica, 29.69  29.54 

Lime,       9.14  10.09 

Magnesia, 3.10  2.89 

Alumina, 6.41  5  84 

Phosphorus, oaS  .012 

Sulphur, 584  .380 

Titanic  acid, 31  .21 

Manganese, 35  .34 
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BEEMER  MINE. 

Analyses  made  by  Cooper  &  Hewitt,  Durham  Iron  Works, 
1886-1887 : 

Blue.  Red.  Red. 

Metallic  iron, 41.10  54  23 

Phosphorus, 135  .078  .10 

Sulphur, 2.958 

UTTLE   MINE. 

Owned  by  Fellows.  Sometimes  called  '*  Fellows  "  Mine.  531 
cars  mined  by  the  Thomas  Iron  Company  during  1893  shows : 

Metallic  iron, 56.29 

Silica, 7.94 

Phosphorus, .       .103 

The  Thomas  Iron  Company  found  in  a  shipment  of  375  cars 
of  ore  from  this  mine  in  1891  an  average  analysis  of  55.34 
metallic  iron,  which  included  ten  cars  of  unwashed  ore  in  the 
shipment. 

In  July,  1891,  a  shipment  of  25  cars  showed  the  highest  iron 
found  by  the  Thomas  Iron  Company,  which  was  62.25  P^^  cent, 
metallic  iron.  The  lowest  analysis  was  found  in  two  cars  of 
washed  ore  in  1891,  which  only  gave  37.94  per  cent,  metallic 
iron. 

QUEEN   PROPERTY. 

343  cars  shipped  to  Thomas  Iron  Company  during  1892  shows 
55.29  per  cent,  metallic  iron;  16  cars  shipped  to  Hokendauqua 
(Thomas  Iron  Company),  February  11,  1893,  showed  : 

Metallic  iron, 55.12 

Insoluble, 9.81 

Phosphorus, 229 

Sample  from  stock-house  at  Hellertown,  Thomas  Iron  Com- 
pany, 1893 : 

Metallic  iron, 54-35 

Manganese, i  264 

Phosphorus, 1.52 
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SHOEMAKER   MINE,    BELVIDERE. 

125  cars  to  the  Thomas  Iron  Company,  October,  1893,  sho^^'^s 
46.73  per  cent,  metallic  iron.  Other  shipments  to  the  Thomas 
Iron  Company  show : 

Metallic  iron, 51.42        46.48        51.87        50.05 

Silica 8.85 

Phosphorus, 1.048 

Manganese, 17 

Alumina 3.86 

Lime, 1.68 

Magnesia, 18 


RAUB  FARM,  NEAR  BUTTZVILLE. 


Fi7ie  Ore, 


• 


Metallic  iron, 33.80 

Silica, 24.82 

Phosphorus, 192 

Manganese, 1.836 


Hard  Ore, 

Metallic  iron, 63.87 

Silica 2.97 

Phosphorus,     . 118 

Manganese, 512 

This  property  contains  zinc-blende  and  has  been  noted  in  pre- 
vious publications  of  the  New  Jersey  Geological  Survey. 


OSMUN    MINE. 

Shipments  to  Cooper  &  Hewitt,  four  carloads. 

Metallic  iron, 58.302  55.73 

Phosphorus,      033  .    .065 

Manganese 1.084 
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LITTLE  MINE. 

Little  ore,  all  black,  was  shipped  to  Cooper  &  Hewitt. 

Metallic  iron, 67.54 

Silica, 1.20 

Lime, 31 

Alumina, .74 

Magnesia 51 

Phosphorus, 02 

Sulphur, 08 

Titanic  acid, Trace. 

Manganese 90' 

BROTHERTON   MINE. 

Samples  tested  by  Booth,  Garrett  &  Blair,  for  Pullman  & 
George,  show  o.ii  per  cent,  of  phosphorus. 

JOHN   H.    SLACK   PROPERTY. 

Brown  hematite,  2^  miles  east  of  Bloomsbury,  N.J.  Shaft 
8yi  feet  deep,  of  which  5^  feet  is  through  ore.  Ore  in  bottom 
of  the  shaft.  Shipped  from  near  Central  Railroad  of  New 
Jersey. 

Analyses  of  ore  sent  to  Hokendauqua,  Pa.: 

Metallic  iron, 44  33 

Silica 21.31 

Phosphorus, 17 

Manganese 06 

CHARLES   THATCHER   PROPERTY. 

Brown  hematite.  Between  Stewartsville  and  New  Village, 
N.  J.,  on  D.,  L.  and  W.  R.  R. 

Metallic  iron, 43.64 

FORD   MINE. 

Shipped  to  Thomas  Iron  Company  during  1899. 

Metallic  iron, 5389 

Sulphur,      498 

Phosphorus, 319 
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Other  tests  show : 

Metallic  iron 52.76         SMS         46.87         49.72 

Roasted   magnetic  ore   from   Mt.   Arlington,  N.  J.,  sent    to 
Thomas  Iron  Company  by  O.  W.  Da\'is,  August  20th,  1899. 

Metallic  iron 43.18 

Silica 21  43 

Phosphorus, 213 

Sulphur, 783 

Dalrymple  ore  shipped  by  Mrs.  Richard  May  to  Thomas  Iron 
Company  during  1900.     Dump  at  mine  sampled  by  L.  C.  Bier- 

wirth. 

Metallic  iron, 58.61 

Phosphorus, 296 

Sulphur, 026 

EDISON. 

1,000  tons  Edison  briquettes  shipped  to  Thomas  Iron  Com- 
pany, January,  1899. 

Metallic  iron 62.83 

MARCUS   SAYRK    PROPERTY,    NEAR    EDISON,  (?)  N.   J. 

Sample  sent  during  May,  1899,  by  ^M.  S.  Higbie. 

Metalli  irocn, 40.58 

Silica 35.34 

Phosphorus, 326 

Sulphur, 106 

Titanic  acid, 2.27 

Copper, 080 


Notes  on  Copper  Mines* 


By  HENRY  B.  KUMMEL. 


The  recent  rise  in  the  price  of  copper  has  attracted  renewed 
attention  to  the  copper  deposits  of  New  Jersey.  These  occur 
chiefly  in  the  red  shales  and  sandstones  of  the  Newark  fonna- 
tion,  nearly  always  in  close  proximity  to  the  trap-sheets,  or 
dikes.  Some  of  these  localities  were  opened  and  ore  mined  as 
far  back  as  colonial  days,  and  in  a  few  cases  the  ore  was  shipped 
to  England.  For  many  years  the  low  price  of  copper  has  ren- 
dered it  impossible  to  work  these  low-grade  ores  at  a  profit  and 
the  mines  have  all  been  closed.  In  many  cases  so  long  a  time 
has  elapsed  since  they  were  worked  that  the  dump-piles  are  over- 
grown with  vegetation  and  the  tunnels  are  filled  with  fallen 
rubbish.  With  the  increased  price  of  copper  and  the  modern 
methods  of  handling  and  reducing  ores,  whereby  material  form- 
erly thrown  away  is  utilized,  it  may  be  possible  in  some  cases  to 
work  profitably  these  low-grade  deposits. 

SCHUYLER   MINE,  ARLINGTON. 

This  mine  is  the  oldest  of  the  copper  mines  in  the  State,  and 
among  the  earliest  mining  enterprises  in  the  country.  It  has 
been  worked  more  or  less  frequently  since  17 19,  but  for  the  past 
thirty  years  nothing  had  been  done,  until  a  few  months  ago 
when  a  party  of  Boston  capitalists  secured  an  option  on  the 
property.  They  are  now  (November,  1899)  engaged  in  prelimi- 
nary operations  to  determine  whether  there  is  a  sufficient  amount 
of  ore  to  warrant  the  erection  of  a  large  separating  and  leach- 
ing plant.*     Two  of  the  old  shafts  are  being  cleaned  out  and 

*  As  this  report  is  being  printed,  ic  has  been  reported  that  a  company  capitalized  at  12,500,000  has 
secured  these  mines  and  is  to  operate  them. 

(171) 
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timbered  and  the  water  is  to  be  pumped  out  of  the  lower  levels 
of  the  mine.  A  tunnel  run  into  the  hillside  at  the  level  of  the 
Newark  meadows  affords  drainage  for  the  upper  loo  feet,  but  the 
lower  levels — reported  to  be  something  over  300  feet  deep — are 
full  of  water.  From  present  indications  it  seems  probable  that 
a  large  amount  of  lean  ore  will  be  available.  Narrow 
trap-dikes  ramify  through  the  sandstones  and  shale,  and 
the  rock  adjoining  the  trap,  particularly  where  it  has  been 
shattered  and  crushed  so  as  to  form  a  breccia,  is  impregnated 
with  the  copper  ores — chiefly  the  sulphide  and  the  carbonates. 
Selected  lots  of  the  ore  also  carry  7^  ounces  of  silver  per  ton.* 
There  is  no  true  ore  vein  with  well  marked  boundaries  but  the 
copper  minerals  occur  in  strings  and  bunches,  or  as  finely  scat- 
tered particles,  or  as  thinly  diffused  coloring  matter.  Unless  the 
ore  is  treated  on  the  spot,  a  large  amount  of  it  must  be  throw^n 
aside  as  too  poor  to  pay  the  cost  of  transportation.  Numerous 
analyses  made  of  the  material  of  the  old  dump-piles  have  led 
the  present  parties  to  believe  that  the  ore,  if  mined  on  a  large 
scale  and  treated  economically,  is  rich  enough  to  pay  a  good 
return  on  the  investment. 


AMERICAN   COPPER   MINING   COMPANY. 

This  mine  is  located  at  the  base  of  the  trap-sheet  of  First 
mountain,  about  three  miles  north  of  Somerv'ille,  and  was 
fonnerly  called  the  Bridgewater  mine.  The  first  opening  was 
made  during  the  last  century,  and  mining  has  been  carried  on  at 
inter\'als  since.  About  1881  work  was  renewed  by  A.  H. 
Hovey,t  and  a  timnel  was  driven  into  the  hillside  for  a  distance 
of  228  feet,  following  the  dip  of  the  shales  and  along  the  base  of 
the  trap-sheet.  Side-drifts  to  the  linear  extent  of  240  feet  were 
opened  about  that  time  from  the  main  tunnel.  Average  sam- 
ples of  ore  from  these  galleries  yielded  **  19  per  cent,  of  copper 
and  6  ounces  of  silver  to  the  ton  of  ore.'' 

For  a  few  years  following  1883,  work  was  continued  and  the 
main  tunnel  was  extended  several  hundred  feet  down  the  dip, 
but  the  operations  as  conducted  were  not  profitable  and  work 

•  Annual  Report  of  the  Stale  Geologist,  1880,  p.  175. 

t  Annual  Report  of  the  State  Geologist  for  1881,  p.  39  ;  and  Report  for  1883,  p.  164. 
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was  abandoned.  For  the  past  two  years  or  more,  exploration 
has  been  carried  on  and  a  number  of  short  galleries  at  right 
angles  to  the  main  tunnel  have  been  opened  at  frequent  intervals. 
All  the  openings  are  in  the  red  shale  at  the  base  of  the  trap- 
sheet.  At  the  time  of  writing  (November,  1899)  the  work  is 
being  pushed  with  energy  and  the  side  galleries  are  being 
lengthened. 

Above  ground,  at  the  mine  entrance,  a  steam  plant  and  air- 
compressing  engine  furnish  power  to  operate  the  drills  used 
in  the  mine.  A  small  crusher  and  separating  plant  have  been 
put  up,  and  tubs  for  leaching  the  ore  and  precipitating  the  cop- 
per are  in  operation.  The  work  so  far  has  been  for  the  purpose 
of  thoroughly  developing  the  mine  and  determining  beyond  a 
doubt  the  extent  and  value  of  the  ore  deposits ;  but  the  company 
has  in  contemplation  the  erection  of  a  large  separating  and  leach- 
ing plant,  capable  of  treating  economically  a  large  output. 

The  large  extent  of  the  preliminary-  operations  has  disclosed 
the  exact  mode  of  occurrence  of  the  ore.  The  shale  for  a  dis- 
tance of  from  one  and  a  half  to  two  and  a  half  feet  from  the  base 
of  the  trap  has  been  slightly  altered  from  its  normal  condition. 
Within  this  altered  zone  the  copper  minerals  occur.  The  altera- 
tion of  the  shale  is  due  in  part  to  its  impregnation  by  the  copper 
minerals,  and  in  part  to  a  slight  baking,  accompanied  by  a  change 
in  color  from  red  to,  purple.  The  copper  minerals  occur  in 
strings  or  bunches,  or  disseminated  particles.  They  are  usually 
more  abundant  near  the  trap,  and  when  a  well-marked  pocket 
or  sheet  of  ore  occurs  in  this  position,  the  adjoining  part  of  the 
ore  rock  {i}4  to  2j4  feet  in  thickness)  is  very  lean.  In  other 
places  the  mineral  is  somewhat  evenly  disseminated  throughout 
the  entire  ore-rock.  Very  frequently  thin  films  of  ore  occur  on 
the  faces  of  cracks  and  joints  in  the  shale,  or  along  bedding 
planes.  Locally  it  occurs  in  the  basal  portion  of  the  trap,  par- 
ticularly where  the  latter  is  somewhat  broken,  and  is  of  a  spong>' 
or  vesicular  texture.  But  the  thickness  of  the  trap  thus  impreg- 
nated is  rarely  more  than  six  to  eight  inches. 

Owing  to  the  method  of  occurrence  there  is  considerable  vari- 
ation within  narrow  limits  in  the  richness  of  the  ore  rock; 
Seams  and  pockets  of  rich  ore  may  end  suddenly  and  be  suc- 
ceeded by  several  feet  of  very  lean  rock.     But  in  spite  of  these 
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local  and  constantly  recurring  variations  in  the  disposition  of  tlie 
ore,  there  is  a  marked  unifonnity  in  its  distribution,  when  the 
whole  area  explored  is  considered.  The  rock  along  one  galler>' 
is  about  as  rich  as  that  along  any  other  gallery.  The  openings 
already  made  render  it  practically  certain  that  ore  of  the  same 
grade  as  that  already  exposed  will  be  found  in  the  rock  between 
each  galler}'.  Furthermore  there  is  no  reason  for  thinking  that 
the  galleries  may  not  be  extended  for  some  considerable  distance 
beyond  their  present  limits  with  the  same  results.  That  there 
is  a  much  larger  body  of  ore  than  is  visible  can  hardly  be 
doubted.  On  the  other  hand,  the  results  already  attained  give 
no  reason  for  believing  that  any  marked  increase  in  richness 
must  necessarily  be  found  with  increasing  depth.  Nor  in  our 
opinion  is  there  anything  in  the  known  or  theoretical  relations 
of  the  trap  and  shale  necessitating  or  implying  a  richer  ore- 
deposit  at  greater  depths.  This  is  not  saying  that  the  ore  cannot 
become  richer.  It  may  or  7nay  not  become  high-grade,  as  it  is 
followed  down  the  dip. 

A  fault  plane  lies  a  few  yards  to  the  right  (south)  of  the  main 
tunnel,  and  the  ore-bearing  rock  in  each  of  the  galleries  on  that 
side  is  lost  at  the  fracture.  The  south  side  of  the  fracture  has 
been  uplifted,  but  there  is  strong  evidence  that  the  amount  of 
dislocation  is  small,  probably  only  a  few  feet,  and  that  the  ore- 
rock  can  readily  be  found  again  by  extending  the  galleries  a  few- 
yards  to  the  eastward,  /.  e.^  in  the  direction  of  the  dip. 

The  ores  are  chiefly  the  red  oxide  and  the  green  carbonate. 
Strips  and  sheets  of  metallic  copper,  however,  are  not  uncom- 
mon. Small  specimens  of  rock  can  be  obtained  giving  a  ver\- 
high  per  cent,  of  copper.  The  average  for  the  entire  ore-rock  is 
high  enough  to  warrant  the  hope  that,  with  the  present  high 
price  of  copper  and  with  economical  treatment,  the  mine  will 
pay.  The  fact  that  it  is  necessary  to  take  out  almost  an  equal 
thickness  of  barren  red  shale,  in  order  to  work  the  ore-rock,  is, 
however,  a  drawback  and  adds  considerably  to  the  expense. 

East  Jersey   Water  Company^ s  Reservoir^   Great  Xolch, 

In  excavating  for  the  reservoir  of  the  East  Jersey  Water 
Company,  near  ( xreat  Notch,  Passaic  county,  a  copper  deposit  of 
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considerable  richness  was  exposed.  The  reserv^oir  is  situated  in 
a  longitudinal  valley  on  the  back  of  First  mountain,  just  west 
of  Great  Notch.  As  was  pointed  out  in  the  Annual  Report  of 
the  State  Geologist  for  1897,  pages  1 21-123,  this  valley  is 
located  along  the  line  of  the  Garrett  rock-Upper  Montclair 
fault,  and  owes  its  existence  to  erosion  along  the  line  of  weak- 
ness produced  by  the  fracture.  In  the  bottom  of  the  valley, 
beneath  the  accumulations  of  glacial  drift,  which  are  of  con- 
siderable thickness,  the  red  shale  was  found  on  the  west  side  of 
the  valley,  dipping  westward  so  as  to  pass  beneath  the  ledge  of 
trap  which  there  bounds  the  depression  and  on  the  east  abutting 
against  the  opposite  ledge  of  trap  along  the  line  of  fracture. 

The  copper  ores  were  found  along  the  fault  in  the  sandstone 
adjoining  the  trap.  Through  the  kindness  of  Mr.  Clemens 
Herschel,  Chief  Engineer,  anumber  of  samples  of  the  ore  were 
furnished  the  Survey,  and  analysis  showed  9.32  per  cent,  of 
metallic  copper. 

The  trench  was  afterwards  filled  with  concrete  in  the  con- 
struction of  the  dam  and  the  localitv  is  not  accessible  for  further 
investigation. 

Zinc* 

The  attention  of  the  Survey  has  again  been  called  to  the  zinc 
ores  found  at  Neighbor's  hematite  mine,  one  and  one-half  miles 
northeast  of  Califon,  in  Lebanon  township,  Hunterdon  county. 
A  brief  note  respecting  these  ores  is  given  on  pages  119  and  120 
of  the  Annual  Report  for  1880.  They  occur  in  connection  with 
limonite  and  iron  pyrite,  and  are  chiefly  zinc  sulphide  and  zinc 
carbonate,  although  other  zinc  minerals  occur.  A  much-weath- 
ered specimen  contained  8.42  per  cent,  of  zinc  and  3.10  percent, 
of  sulphur,  and  a  fresh  unaltered  piece  of  ore  showed  34.76  per 
cent,  of  zinc  and  21.90  per  cent,  of  sulphur.  Some  lead  is  also 
found  associated  with  the  zinc. 

No  commercial  use  has  as  yet  been  made  of  these  ores,  and, 
indeed,  it  is  as  yet  impossible  to  sa)'  whether  the  ore  occurs  in 
sufficient  abundance  to  render  such  use  possible  and  profitable. 
In  his  report  on  the  iron  mines,  ]Mr.  Jenkins  has  a  note  concern- 
ing more  recent  operations  at  the  mine. 


Mineral  Statistics 

For  the  Year  J  899. 


Iron  Ore* 


The  total  production  of  the  mines,  as  reported  by  the  several 
minin^^  companies,  was  269,293  gross  tons. 

The  total  shipments  from  mines  in  the  State,  as  reported  by 
the  railway  companies,  and  reported  to  the  office  of  the  Geolog- 
ical Survey,  amounted  to  300,757  gross  tons. 

The  increase  in  the  amount  of  ore  shipped  is  considerably 
larger  than  that  reported  in  1898. 

The  table  of  statistics  is  reprinted,  with  the  total  amount  for 
1899  added. 
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.  20,000  tons, 
.•100,000  tons, 
.  164,900  tons, 
.  226,000  tons, 
.  275,067  tons, 
362,636  tons, 
,  450,000  tons, 
.  600,000  tons, 
.  665,000  tons, 
.  525,000  tons, 
.  390,000  tons, 
.  285,000  tons  * 
.  315  000  tons,* 
.  409,674  tons, 
.  488,028  tons, 
.  745,000  tons, 
.  737.052  tons, 
.  932,762  tons, 
.  521,416  tons, 
•  393.710  tons, 


Authority. 
Morse's  estimate. 
Gordon's  Gazeteer. 
Dr.  Kitchell's  estimate. 
U.  S.  census. 
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*  From  statistics  coUecied  later. 
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Year. 
1885. 
1886, 
1887, 
1888, 
1889, 
J  890, 
1891, 
1892 

1893 
1894, 

189s. 
1896, 

1897. 
1898, 

1899, 


Iron  Ore. 
330,000  tons, 
500.501  tons, 
547  889  tons. 
447.738  tons, 
482,169  tons, 
552,996  tons, 
551.358  tons. 
465,455  tons. 
356,150  tons. 
277  483  tons, 
282.433  tons. 
264,999  tons. 
257.235  tons, 
275.378  tons, 
300,757  tons, 


Authority, 

.  Annual 

Report  State  Geologist 

* 

♦ 

♦ 

Zinc 

:  Of  c* 

The  production  of  the  zinc  mines  is  shown  by  the  yearl\ 
shipments  of  zinc  ore.  The  total  shipments  of  zinc  and  frank- 
Unite  ores,  as  reported  by  Mr.  A.  Heckscher,  General  Manager 
of  the  New  Jersey  Zinc  Company,  amoinited  to  154,447  gross 
tons  in  1899. 

The  statistics  for  a  period  of  years  are  reprint^  from  the  last 
annual  report. 


ZINC  ORE. 


1868,  .  .  . 

25,000  tons,* 

I87I,  .  . 

22,000  tons, 

1873.    . 

17,500  tons, 

1874,    .  . 

13,500  tons, 

1878;.  .  . 

14,467  tons. 

1979,  .  . 

.  21,937  tons. 

1880.  .  .  . 

28  3 1 1  tons, 

I88I,  .  .  . 

49,178  tons, 

1882,  .  .  . 

.  40,138  tons. 

1883,  .  .  . 

56,085  tons. 

i8vS4,  .    .    . 

40,094  tons, 

18S5.  .    .    . 

.  38.526  tons. 

1886.  -    . 

.  43  877  tons, 

1S87.  .    . 

.  50,220  tons, 
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*  Estimated  for  1868  and  1871.     Statistics  for  1873-1890,  inclusive,  are  for  shipments  by  railway  com< 
panies.     The  later  reports  are  from  the  zinc-mining  companies. 
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1888,  . 

•   •  46,377  tons, 

1889,  . 

.   .56,154  tons. 

1890, . 

.   .  49,618  tons, 

I89I, . 

.   .  76,032  tons, 

1892. . 

•   •  77i298  tons, 

1893.  . 

.   .  55.85*  tons, 

1894,  . 

•   •  59.382  tons. 

1895* 

1896  . 

.   .  78,080  tons, 

1897,. 

.   .  76,973  tons. 

1898. . 

.   .  99.419  tons. 

1899. 

154,447  tons 

Annual  Report  State  Geologist. 
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*  No  statistics  were  published  in  the  Annual  Report  for  1895. 


Publications* 


The  demand  for  the  publications  of  the  Survey  is  continuous 
and  active.  So  far  as  possible  requests  for  the  reports  are 
g^ranted. 

It  is  the  wish  of  the  Board  of  Managers  to  complete,  as  far  as 
possible,  incomplete  sets  of  the  publications  of  the  Survey, 
chiefly  files  of  the  Annual  Reports  in  public  libraries,  and  libra- 
rians are  urged  to  correspond  with  the  State  Geologist  concern- 
ing this  matter. 

By  the  act  of  1864  ^'^^  Board  of  Managers  of  the  Surv^ey  is  a 
board  of  publication,  with  power  to  issue  and  distribute  the  pub- 
lications as  they  may  be  authorized.  The  Annual  Reports  of  the 
State  Geologist  are  printed  by  order  of  the  Legislature  as  a  part 
of  the  legislative  documents.  The)^  are  distributed  largely  by 
members  of  the  two  houses.  Extra  copies  are  supplied  to  the 
Board  of  Managers  of  the  Geological  Surv^ey  and  the  State 
Geologist,  who  distribute  them  to  libraries  and  public  institu- 
tions, and,  as  far  as  possible,  to  any  who  may  be  interested  in 
the  subjects  of  which  they  treat.  Several  of  the  reports  are  out 
of  print,  and  can  no  longer  be  supplied  by  the  office. 

The  first  volume  of  the  Final  Report,  published  in  1888,  was 
mostly  distributed  during  the  following  year,  and  the  demand 
for  it  has  been  far  beyond  the  supply.  The  first  and  second 
parts  of  the  second  volume  and  the  third  and  fourth  volumes 
have  also  been  distributed  to  the  citizens  and  schools  of  the 
State,  and  to  others  interested  in  the  particular  subjects  of  which 
they  treat.  The  fourth  volume  includes,  in  an  appendix,  all  the 
valuable  tables  which  were  in  the  first  volume  of  this  series. 

The  appended  list  makes  brief  mention  of  all  the  publications 
of  the  present  Survey  since  its  inception,  in  1864,  with  a  state- 
ment of  editions  that  are  now  out  of  print.  The  publications 
of  the  Surv^ey  are  distributed  without  further  expense  than  that 
of  transportation,  excepting  the  maps,  where  a  stated  price 
covers  the  cost  of  paper  and  printing,  as  stated. 
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CATALOGUE  OF  PUBLICATIONS. 

Geology  of  New  Jersey,  Newark,  1868.    8vo.,  xxiv  -f  899  pp. 

Out  of  print. 
Portfolio  of  Maps  accompanying  the  same,  as  follows  : 

1.  Azoic  and  paleozoic  formations,  including  the  iron-ore  and  limestone 
districts  ;  colored.     Scale,  2  miles  to  an  inch. 

2.  Triassic  formation,  including  the  red  sandstone  and  trap-rocks  of 
Central  New  Jersey  ;  colored.    Scale,  2  miles  to  an  inch. 

3.  Cretaceous  formation,  including  the  greensand-marl  beds  ;  colored. 
Scale,  2  miles  to  an  inch. 

4.  Tertiary  and  recent  formations  of  Southern  New  Jersey  ;  colored. 
Scale,  2  miles  to  an  inch. 

5.  Map  of  a  group  of  iron  mines  in  Morris  county  ;  printed  in  two 
colors.    Scale,  3  inches  to  i  mile. 

6.  Map  of  the  Ringwood  iron  mines  ;  printed  in  two  colors.  Scale,  8 
inches  to  i  mile. 

7.  Map  of  Oxford  Furnace  iron-ore  veins  ;  colored.  Scale,  8  inches  to 
I  mile. 

8.  Map  of  the  zinc  mines,  Sussex  county  ;  colored.  Scale,  8  inches  to 
I  mile.  A  few  copies  are  undistributed. 

Report  on  the  Clay  Deposits  of  Woodbridge  South  Amboy  and 
other  places  in  New  Jersey,  together  with  their  uses  for  fire-brick,  pot- 
tery, &c.    Trenton,  1878,  8vo..  viii  -f-  381  pp.,  with  map. 

A  Preliminary  Catalogue  of  the  Flora  of  New  Jersey,  compiled  by 
N.  L.  Brittoa,  Ph.D.     New  Brunswick,  1881,  8vo.,  xi  -|-  233  pages. 

Out  of  print. 

Final  Report  of  the  State  Geologist.  Vol.  I.  Topography. 
Magnetism.     Climate.     Trenton,  1888,  8vo.,  xi  -f-  439  pp.        Very  scarce. 

Final  Report  of  the  State  Geologist.  Vol.  II.  Part  I.  Min- 
eralogy.    Botany.     Trenton,  1889,  8  vo..  x  -f  642  pp. 

Final  Report  of  the  State  Geologist.  Vol.  II.  Part  II.  Zool- 
ogy.    Trenton.  1890,  8vo.,  x  4   824  pp. 

Report  on  Water  Supply.  Vol.  Ill  of  the  Final  Report  of  the  State 
Geologist.     Trenton,  1894,  8vo  ,  xvi  -f   352  and  96  pp. 

Report  on  the  Physical  Geography  of  New  Jersey.  Vol  IV  of 
Final  Report  of  the  State  Geologist.    Trenton,  1898,  8vo.,  xvi 4-1 70 -f- 200  pp 

Brachiopoda  and  Lamelliranchiata  of  the  Raritan  Clavs  and 
Greensand  Marls  of  New  Jersey.  Trenton,  1886,  quarto,  pp  338,  plates 
XXXV  and  Map.     (Paleontology,  Vol.  i.) 

Gasteropoda  and  Cephalopoda  of  the  Raritan  Clays  and  Greensand 
Marls  of  New  Jersey.  Trenton,  1S92,  quarto,  pp.  402,  plates  L.  (Paleon- 
tology, Vol.  11.) 
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Atlas  op  Nbw  Jbrsby.  The  complete  work  is  made  up  of  twenty 
sheets,  each  27  by  37  inches,  including  margin,  intended  to  fold  once 
across,  making  the  leaves  of  the  Atlas  i8>i  by  27  inches.  The  location 
and  number  of  each  map  are  given  below.  Those  from  i  to  17  are  on  the 
scale  of  one  mile  to  an  inch. 

No,    /.  KUialinny  Valley  and  Mountain,  from  Hope  to  the  State  line. 

No,  2.  SouthwesUm  Highlands,  with  the  southwest  part  of  Kittatinny 
valley. 

No.  J.  Central  Highlands,  including  all  of  Morris  county  west  of  Boon- 
ton,  and  Sussex  south  and  east  of  Newton. 

No,  4.  Northeastern  Highlands^  including  the  country  lying  between 
Deckertown,  Dover,  Paterson  and  SufFem. 

No.  5.  Vicinity  of  Fletnington,  from  Somerville  and  Princeton  westward 
to  the  Delaware. 

No.  6,  The  Valley  of  the  Passaic,  with  the  country  eastward  to  Newark 
and  southward  to  the  Raritan  river. 

No.  7.  The  Counties  of  Bergen,  Hudson  and  Essex,  with  parts  of  Passaic 
and  Union. 

No.    8,  Vicinity  of  Trenton,  from  New  Brunswick  to  Borden  town. 

No.    g  Monmouth  Shore,  with  the  interior  from  Metuchen  to  Lakewood. 

No.  JO.  Vicinity  of  Salem,  from  Swedesboro  and  Bridgeton  westward  to 
the  Delaware. 

No,  II,  Vicinity  of  Camden,  to  Burlington.  Winslow,  Elmer,  and  Swedes- 
boro. 

No,  J  2,  Vicinity  of  Mount  Holly,  irom.  Borden  town  southward  to  Wins- 
low  and  Woodmansie. 

No.  /J.   Vicinity  of  Bamegat  Bay,  with  the  greater  part  of  Ocean  county 

No  14,  Vicinity  of  Bridgeton,  ^rom  Allowaystown  and  Vineland  south- 
ward to  the  Delaware  bay  shore. 

No,  IS.  Southern  Interior,  the  country  lying  between  Atco,  Millville  and 
Egg  Harbor  City. 

No,  16,  Egg  Harbor  and  Vicinity,  including  the  Atlantic  shore  from 
Bamegat  to  Great  Egg  Harbor. 

No.  17.  Cape  May,  with  the  country  westward  to  Maurice  river. 

No,  18.  New  fersey  State  Map.    Scale,  5  miles  to  an  inch.     Geographic. 

No.  ig.  New  fersey  Relief  Map.  Scale.  5  miles  to  the  inch.  H>psometric. 

No,  20.  New  fersey  Geological  Map.    Scale,  5  miles  to  the  inch. 

The  maps  comprising  Thk  Atlas  of  New  Jersey  are  sold 
at  the  cost  of  paper  and  printing,  for  the  uniform  price  of  25 
cents  per  sheet,  either  singly  or  in  lots.  Payment,  invariably  in 
advance. 

TOPOGRAPHIC   MAPS,    NEW   SERIES. 

The  economic  topographic  maps  of  the  Survey,  on  a  scale  of 
one  inch  to  2,000  feet,  are  sold  at  25  cents  per  sheet.     The  fol- 
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lowing  sheets  are  ready :  Jersey  City,  Newark,  Hackensack, 
Paterson  and  Camden.  They  may  be  had  by  addressing  the 
State  Geologist,  Trenton,  N.  J.,  with  remittance  for  amount  of 
order. 

ANNUAL   REPORTS. 

Report  of  Professor  George  H.  Cook  upon  the  Geological  Sur- 
vey of  New  Jersey  and  its  progress  during  the  year  1863.  Trenton,  1864, 
8vo.,  13  pp.  Out  of  print. 

The  Annual  Report  of  Prof  Geo.  H.  Cook,  State  Geologist,  to  His 
Excellency  Joel  Parker,  President  of  the  Board  of  Managers  of  the  Geo- 
logical Survey  of  New  Jersey,  for  the  year  1864.  Trenton,  1865,  Svo., 
24  pp.  Out -of  print. 

Annual  Report  of  Prof  Geo.  H.  Cook,  State  Geologist,  to  his  Excel- 
lency Joel  Parker,  President  of  the  Board  of  Managers  of  the  Geological 
Survey  of  New  Jersey,  for  the  year  1865.     Trenton,  1866,  8vo.,  12  pp. 

Out  of  print. 

Annual  Report  of  Prof  Geo.  H.  Cook,  State  Geologist,  on  the  Geo- 
logical Surv^ey  for  the  year  1866.    Trenton,  1867,  8vo.,  28  pp. 

Out  of  print. 

Report  of  the  State  Geologist,  Prof  Geo.  H  Cook,  for  the  year 
1867.     Trenton,  1868,  Svo  ,  28  pp.  Out  of  print. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1869.  Tren- 
ton, 1870,  Svo  ,  57  pp.,  with  maps. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1870.  New 
Brunswick,  1871,  Svo.,  75  pp.,  with  maps. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1871.  New 
Brunswick,  1872,  Svo.,  46  pp.,  with  maps.  Out  of  print. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1S72.  Tren- 
ton, 1872   Svo.,  44  pp.,  with  map.  Out  of  print. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1873.  Tren- 
ton, 1874,  Svo.,  128  pp  ,  with  maps.  Out  of  print. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1874.  Tren- 
ton, 1S74,  Svo  ,  115  pp.  Out  of  print. 

Anni'AL  Report  of  the  State  Geologist  of  New  Jersey  for  1S75.  Tren- 
ton, 1875,  8vo.,  41  pp  ,  with  map  Out  of  print. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1876.  Tren- 
ton, 1S76,  Svo.,  56  pp.,  with  maps.  Out  of  print. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1S77.  Tren- 
ton,  1S77,  Svo  ,  55  pp.  Out  of  print 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1S78.  Tren- 
ton, 187S,  Svo.,  131  pp.,  with  map.  Out  of  print. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  i8-9.  Tren- 
ton, 1879.  Svo.,  199  pp.,  with  maps.  Out  of  print. 
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Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1 880.    Trenton , 

1880,  8vo.,  220  pp.  with  map.  Out  of  print. 

Annua  l  Report  of  the  State  Geologist  of  New  Jersey  for  188 1 .    Trenton , 

1881,  8vo.,  87  -f  107  -f  xiv  pp.,  with  maps.  Out  of  print. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1882.   Camden, 

1882,  8vo.,  191  pp..  with  maps.  Out  of  print. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1883.     Camden, 

1883,  8vo  .  188  pp.  Scarce. 

Annual  Peport  of  the  State  Geologist  of  New  Jersey  for  1884.     Trenton , 

1884,  8vo  ,  168  pp.,  with  maps. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1885.    Trenton , 

1885,  8vo.,  228  pp.,  with  maps. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1886.    Trenton, 
1887,  8vo.,  254  pp.,  with  maps. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1887.    Trenton . 
1887,  8vo.,  45  pp.,  with  maps. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1888.     Camden , 
1889,  8vo.   87  pp.,  with  map. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1 889.    Camden , 
1889,  8vo.,  112  pp. 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1890.    Trenton, 
1 89 1,  8vo  ,  305  pp..  with  maps. 

Annual  Report  of  the    State    Geologist    of   New  Jersey    for   1891. 
Trenton,  1892,  8vo.,  xii  -f  270  pp.,  with  maps  Scarce. 

Annual  Report  of  the 'State    Geologist    of   New   Jersey   for   1892. 
Trenton,  1893  8vo.,  x  +  368  pp.,  with  maps. 

Annual  Report  of  the    State    Geologist    of  New   Jersey  for   1893. 
Trenton.  1894,  8vo.,  x  -f  452  pp..  with  maps. 

Annual  Report  of  the    State    Geologist    of   New   Jersey    for   1894. 
Trenton,  1895,  8vo.,  x  4-  304  pp.,  with  geological  map. 

Annual  Report  of   the    State    Geologist    of   New   Jersey   for   1895. 
Trenton,  1896,  8vo  ,  xl  -|-  198  pp.,  with  geological  map. 

Annual  Report  of  the    State    Geologist    of   New   Jersey  for   1896. 
Trenton,  1897,  8vo.,  xxviii  -f  377  pp  ,  with  maps  of  Hackensack  meadows. 

Annual  Report  of   the    State    Geologist    of   New   Jersey   for    1897. 
Trenton,  1898,  8vo.,  xl  +  368  pp. 

Annual  Report  of  the  State  Geologist  for  1898.     Trenton,  1899,  8vo., 
xxxii  +  244  pp.,  with  Appendix,  102  pp. 

Annual   Report  of  the  State  Geologist  for   1899  and  Report   on 
Forestry.     Trenton,  1900    8vo.,    Annual  Report,  xliii  -r  190  pp. 
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Page 

Absecon  Wells 121 

Allen  Mine- - 162 

American  Copper  Mining  Company 172 

Analyses  of  Iron  Ores- 166 

Analyses  of  Waters  - 1*6 

Arlington,  Copper  Mine  at 171 

Artesian  Wells,  Report  on 65 

Artesian  Well  Waters,  Analyses  of- 147 

Asbury    Park,    Analyses    of    Artesian    Well 

Waters  of. 147 

Asbury  Park,  West,  Artesian  Wells  at 74 

Atlantic  City,  Analyses  of  Waters  of  Artesian 

Wells 1*7 

AtUnUc  City,  Artesian  Wells  at- 106,  124 

Atrypa  Rgticularis  in  Decker  Ferry  Forma- 
tion     11 

B. 

Babylon,  L.  I.,  N.  Y.,  Artesian  Well 79 

Barrett,  Dr.  S.  T  ,  Reference  to. — 19 

Beuch  Glen  Mines » 156 

Becrmft  Limestone >••    39 

Beecber  and  Clarke,  Reference  to 40 

Bemardsville,  Artesian  Wells  at. 127 

Black  Hills  Mine- «. — 161 

Bossardville  Limestone 6 

Bossardville  Limestone  for  Lime- - 24 

Bowen  Beach,  Del.,  Artesian  Well  at 110 

Brick  House,  Red  Limestone  at 13 

Bridgtton,  Artesian  Well  at 102 

Bridgewater  Copper  Mine 172 

Brotherton  Mine ~ ~ 161 

Burlington,  Bored  Wella  at 71 

C. 

Cambrian  Trilobites 47 

Camden,  Artesian  Well  in 66 

Carpentersville,  Fossils  in  Limestone 48 

CatskiU  Sbaly  Limestone.    See  "  New  Scot 

land  Beds.'* 
Cauda-Galli  Grit.    See  "  Esopus  Grit." 

Cedarville,  Artesian  Well  at 103 

Cement  Rock  of  Rondout  Water-lime  Forma- 

Uon 20 

Centreville,  Md.,  Artesian  Well  at 81 

Chamberlin,  T.  C,  References  to  Papers  of, 

23,  27 

Chert  in  Onondaga  Limestone 46 

Chesapeake  Beach,  Md.,  Artesian  Well  at 83 


Page 
Chester,  Prof.  A.  H.,  Care  of  Mineralogical 

Collections - xxxiii 

Chlorine  in  Natural  Waters 141 

Chonetts  Jerxeyensis 8,  13 

ChccteUs  Lycoperdon,  Monotrypa  Undulata,    11 

Clark,  Prof.  Wm.  B.,  Reference  to 83 

Clark  and  Schuchert.  Reference  to-..7, 18, 20, 26, 28 

Clove  Brook,  Valley  of     4 

Coeymans  Limestone- 28 

Colestown,  Artesian  Well  near 68 

Columbus,  Artesian  Well  at 72 

Conlan,  P.  H.  &  J.,  Records  of  Wells  Bored.. 

126,  134-139 
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PREFACE 


The  forests  of  the  State  have  been  considered  as  coming 
within  the  limits  of  the  investigations  and  snr\-eys  of  the  Geo- 
logical Survey,  and  the  determination  of  the  extent  of  the 
forested  land  and  the  mapping  of  these  lands  have  been 
included  in  the  work  of  the  Topographic  Division.  Early  in 
the  history  of  the  Topographic  Survey  the  mapping  of  the 
forest  area  was  made  to  take  note  of  the  pine  lands,  the  cedar- 
swamp  lands  and  the  mixed  pine  and  deciduous  forest.  Some 
attention  was  given  to  the  condition  of  the  timber  and  to  its 
protection  against  forest  fires,  and  in  the  Annual  Report  of  the 
State  Geologist  for  1885  there  was  a  section  on  Forestry  and 
Forest  Fires.  On  the  completion  of  the  topographic  survey  of 
the  State  in  1887  ^^e  publication  of  the  Atlas  of  Topographic 
Maps  gave  practically  sectional  forest  maps,  which  showed  the 
location,  extent  and  topographic  situation  of  all  the  forested 
lands  in  the  State.  In  the  Report  on  Topography,  published 
in  1888,  and  entitled  **  Final  Report  of  the  State  Geologist, 
Vol.  I,  Topography,  Magnetism  and  Climate,^'  there  were  many 
notes  on  the  extent  and  nature  of  the  forests,  and  their  relation 
to  the  characteristic  soils  of  the  great  natural  divisions  of  the 
State.  In  the  Annual  Report  of  the  State  Geologist  for  1891 
the  oak-land  and  pine-land  belts  of  Southern  New  Jersey  were 
described  by  C.  W.  Coman,  Assistant  Geologist  to  the  Survey. 
The  studies  of  Mr.  C.  C.  Vermeule,  Topographer  of  the  Survey, 
on  Water-Supply  and  Water-Power,  which  were  begun  in  1890, 
also  covered  the  subject  of  forests  and  their  relation  to  water- 
supply.  His  annual  reports  for  1890,  1891,  1892  and  1893  and 
the  full  report  in  1894  had  many  references  to  the  forested  con- 
ditions of  the  several  water-sheds. 

The  first  specific  enactment  of  the  Legislature  directing  a 
.survey  of  the  forested  lands  of  the  Sate  was  made  in  the  session 
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of  1894.  It  provided  for  a  survey,  to  be  made  under  the  direc- 
tion of  the  Board  of  Managers  of  the  Geological  Surx^ey,  by 
the  State  Geologist,  assisted  by  a  competent  botanist  and  expert 
in  forestr}\  The  leading  objects  of  this  survey  of  the  wooded 
lands  of  the  State  were  to  ascertain  their  extent,  character  and 
location  and  ^*  the  advantages  as  regards  timber-supply,  water- 
supply,  scenery  and  climate  of  the  State,  which  would  accrue 
from  the  conservation  of  existing  forests  '^  by  the  establishment 
of  a  State  forest  reservation,  and  the  preparation  of  a  report 
which  should  give  "  an  outline  of  the  policy  and  legislation  of 
other  States  and  countries  for  the  preservation  of  forests  and 
their  regulation  for  public  ends  so  far  as  the  same  may  be 
applicable  to  this  State.''  The  field  work  was  begun  in  the 
summer  of  1894,  and  in  the  Annual  Report  of  the  Survey  for 
that  year  there  were  two  papers ;  one  by  Mr.  Vermeule,  "  On 
Forestry  in  the  Northern  Part  of  the  State,"  and  one  by  John 
GifFord,  entitled  "A  Preliminary  Report  on  the  Forest  Condi- 
tions of  South  Jersey.''  In  1895  the  reports  were  entitled : 
"  Report  on  Forestry  in  Northern  New  Jersey,"  by  C.  C.  Ver- 
meule ;  "  Report  on  Forest  Fires  for  Season  of  1895,"  by  John 
GifFord,  and  "  Notes  on  the  Forests  of  New  Jersey,"  by  Gifford 
Pinchot.  In  1896  Mr.  GifFord  had  a  report :  "  Notes  Collected 
During  a  Visit  to  the  Forests  of  Holland,  Germany,  Switzer- 
land and  France."  In  1897  Mr.  GifFord  Pinchot,  who  had  been 
appointed  botanist  to  the  Survey  (now  Chief  of  the  Division  of 
Forestry,  U.  S.  Department  of  Agriculture),  surveyed  the  south- 
ern part  of  the  State,  and  his  report,  entitled  "A  Study  of 
Forest  Fires  and  Wood  Production  in  Southern  New  Jersey/' 
was  published  as  an  appendix  to  the  last  Annual  Report  of  the 
State  Geologist.  Mr.  Vermeule  prepared  a  paper  on  **  The  Pine 
Belt  of  Southern  New  Jersey  and  Water-Supply,"  for  the  same 
annual.  Professor  Arthur  Hollick,  of  Columbia  University, 
New  York,  was  engaged  in  1896  and  1897  ^^  study  the  distribu- 
tion of  the  tree  species  in  the  State  and  their  relation  to  the 
geological  formations.  A  summary  of  the  results  of  his  studies 
was  incorporated  in  the  administrative  report  for  1898. 

The  general  report  made  at  this  time  has  four  principal  divi- 
sions or  parts.  Part  I,  by  C.  C.  \'enneule,  gives  a  general 
description  of  the  forested  area  and  the  conditions  of  the  timber 
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in  the  several  natural  divisions  of  the  State.  In  his  notes  on 
the  forests  of  Southern  New  Jersey,  Mr.  Venneule  has  made 
use  of  the  report  of  Mr.  Pinchot.  The  sections  on  ^*The  Effects 
of  Fire,"  ''  The  Plains,"  and  ''  Silvicultural  Notes  on  the  White 
Cedar,"  are  by  Mr.  Pinchot.  Two  important  sections  at  the 
end  of  this  Part,  on  *'  Forests  and  Water-Supply  "  and  "  Forests 
and  Climate,"  contain  the  conclusions  of  Mr.  Vermeule's  years 
of  study  of  the  great  question  of  water-supply  and  its  relations. 

Part  II,  "The  Relation  Between  Forestr}^  and  Geology  in 
New  Jersey,"  is  by  Prof.  Arthur  HoUick.  It  contains  many 
facts  about  the  distribution  of  the  more  common  trees  of  the 
State  and  discusses  their  relation  to  the  geological  formations 
and  the  evolution  of  the  tree  species.  Professor  HoUick  divides 
the  State  into  a  zone  of  deciduous  or  broad-leaved  trees,  a  Con- 
iferous Zone,  and  an  intermediate  one  which  he  terms  **  The  Ten- 
sion Zone." 

Part  III,  "  The  Role  of  Insects  in  the  Forest,"  is  contributed 
by  Professor  John  B.  Smith,  of  New  Brunswick,  and  State 
Entomologist. 

Part  IV,  "  The  Forestal  Conditions  and  Silvicultural  Pros- 
pects of  the  Coastal  Plain  of  New  Jersey,"  is  by  Dr.  John  Gif- 
ford.  Professor  in  the  New  York  State  College  of  Forestry  at 
Cornell  University.  His  report  has  many  notes  on  the  condi- 
tions of  the  forests  in  the  southern  part  of  the  State,  and  many 
suggestions  about  industries  which  may  help  the  land-owner, 
and  practical  recommendations  for  protection  against  fires,  as 
drawn  from  his  observations  of  the  Belgian  Campine,  in  the 
Landes  of  France  and  the  heath-lands  of  Northern  Germany. 

The  Introduction  is  by  the  State  Geologist. 

The  meteorological  statistics  in  the  section  on  *'  Forests  and 
Climate,"  in  Part  I,  were  furnished  by  E.  W.  McGann,  Section 
Director  of  the  New  Jersey  Weather  Bureau,  for  the  New  Jersey 
stations.  The  results  of  the  studies  of  these  official  records  of 
temperature  and  rain-fall  are  condensed  in  graphic  form  in  the 
State  maps.  Plates  XI,  XII  and  XIII.  After  Mr.  Vermeule's 
investigation  and  careful  study  of  these  records  in  relation  to 
forested  areas,  the  plan  of  this  report,  including  a  part  on 
"  Forests  and  Climate,"  was  changed,  and  the  paper  was 
omitted. 
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The  illustrations  in  the  volume  are  in  part  from  photographs 
taken  by  Mr.  Pinchot  and  used  in  his  report  in  1898,  and  photo- 
graphs from  Mr.  Gifford  of  European  forest  scenes  and  scenery. 

The  maps  consist  of  a  State  map  on  the  scale  of  five  miles  to 
an  inch,  showing  the  forest  density  by  shaded  areas,  and  the 
large  six-sheet  map  of  **The  Forests  of  Northern  New  Jersey,'' 
based  on  the  topographic  maps  and  on  a  scale  of  one  mile  to  an 
inch.  The  maps  were  prepared  under  the  immediate  super- 
vision and  direction  of  the  topographer,  C.  C.  Vermeule.  The 
printing  was  done  by  Messrs.  Julius  Bien  &  Co.,  engravers  and 
printers  of  the  topographic  maps  of  the  Geological  Survey. 

The  ample  opportunities  given  by  the  printers,  Messrs  Mac- 
Crellish  &  Quigley,  for  careful  revision  of  proofs  and  their 
interest  in  the  mechanical  execution  of  the  work  deserve  record 
in  this  place. 

This  Report  is  necessarily  incomplete,  and  at  the  end  of  the 
work  in  its  preparation  it  is  as  if  we  were  at  the  beginning  of 
our  studies  of  forestry,  so  wide  is  the  range  of  inquiry-  and  so 
far  afield  do  the  associated  groups  of  related  studies  lead  us. 
Cognizant  of  its  imperfections,  it  is  sent  out  to  give  information 
as  to  our  needs  of  a  scientific  treatment  of  our  forests  and  a  State 
policy  of  protection  and  to  stimulate  a  growing  sentiment  about 
forestry  into  an  active  practice  of  silviculture.  It  is  hoped  that 
it  may  appeal  to  all  lovers  of  trees  and  of  our  woodlands  as 
well  as  to  the  large  landholders,  and  that  its  suggestions  may 
take  form  in  natural  parks  in  the  vicinity  of  our  cities,  in  forest 
and  game  preserves  in  our  Highlands  and  Kittatinny  mountains 
and  in  the  Pines  of  Southern  New  Jersey,  and  in  timbered  lands 
throughout  all  the  State  where  wood  shall  be  a  valuable  crop, 
and  all  protected  and   fostered  by  an  intelligent  public  senti- 

JoHN  C.  Smock, 

State  Geologist. 

Trenton.  N.  J 


PREFACE.  ix 


Law  Authorizing  this  Survey  and  Report. 


[Laws  of  New  Jersey— Session  I  894,  Chapter  CXX.] 

1.  Be  IT  ENACTKD  by  the  Senate  and  General  Assembly  of  the  State  of 
New  Jersey,  That  the  state  geologist,  under  the  direction  of  the  board  of 
managers  of  the  geological  survey,  and  with  the  assistance  of  a  competent 
botanist  to  be  selected  by  said  board  for  his  expert  knowledge  of  forestry 
and  of  the  forest  trees  of  this  state,  and  such  other  expert  assistance  as 
may  be  required  for  the  purpose,  shall  make  an  investigation  to  ascertain 
the  extent,  character  and  location  of  the  wild  lands  in  this  state  which 
are  suited  for  permanent  occupation  by  forests  rather  than  by  agriculture, 
and  shall  report  the  results  of  such  investigation  to  the  legislature, 
together  with  a  statement  of  what  part  or  parts  of  such  lands  would  be 
suitable  for  a  state  forest  reserve,  and  the  advantages  as  regards  the 
timber-supply,  water-supply,  scenery  and  climate  of  the  state,  which 
would  accrue  from  the  conservation  of  existing  forests  by  the  establish- 
ment of  such  reserve  or  otherwise  ;  the  investigation  so  to  be  made  shall 
determine  the  extent  to  which  forests  of  timber  of  commercial  value  now 
exist  in  the  state,  and  include  a  study  of  the  localities  and  areas  which 
are  specially  adapted  to  the  growth  of  designated  kinds  of  timber  of  com- 
mercial value  ;  it  shall  also  include  an  examination  as  to  the  presence  or 
absence  of  forest  cover  upon  the  slopes  and  summits  of  the  more  important 
water-sheds  of  the  state,  and  a  study  of  the  effect  of  such  conditions  as 
now  exist  upon  the  maintenance  of  the  streams  therein  and  the  regulation 
of  the  freshet-flow  thereof ;  the  report  to  the  legislature  shall  state  the 
arguments  touching  the  beneficial  effect,  upon  climate  and  rainfall 
attributable  to  the  jpresence  of  forests,  and  shall  likewise  present  an  out- 
line of  the  policy  and  legislation  of  other  states  and  countries  for  the 
preservation  of  forests  and  their  regulation  for  public  ends,  so  far  as  the 
same  may  be  applicable  to  this  state. 

2.  And  be  it  enacted.  That  the  expense  of  making  such  investigation 
and  report,  shall,  when  duly  audited  by  the  board  of  managers  and 
approved  by  the  governor  and  comptroller,  be  paid  out  of  the  funds  in  the 
treasury  not  otherwise  appropriated,  and  shall  be  limited  to  five  thousand 
dollars. 

3.  And  be  it  enacted.  That  this  act  shall  take  effect  immediately. 
Approved  May  i,  1894. 
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RELATION  OF  GEOLOGY  TO  FORESTRY. 

The  subject  of  forestry  and  a  report  on  the  forests  of  the  State 
belong  naturally  to  the  work  of  the  Geological  Survey,  because 
the  forests  are  related  closely  to  the  geological  formations,  and 
the  Survey  has  within  its  scope  of  investigations  the  surface 
formations  and  the  origin  of  the  soils  which  are  natural  to  these 
formations.  The  Division  of  Surface  Geolog>'  has  been  a  leading 
one  for  the  field  seasons  of  1891  to  1899,  and  the  surveys  in  this 
division  have  covered  the  State.  The  forests  are  the  natural 
vegetal  cover  of  these  surface  formations,  and  are  characteristic 
of  them.  From  the  geological  map,  which  shows  in  detail  the 
subdivisions  of  these  formations,  and  gives  their  geographic 
limits,  it  is  possible  to  learn  the  general  nature  of  the  timber 
growing  naturally  on  them.  The  geological  map  becomes, 
therefore,  the  key  to  the  forest  map. 

The  State  is  marked  in  its  topographic  features,  which  are  in 
some  degree  the  expression  of  the  geologic  differences,  and 
diverse  forms  of  the  topography  affect  to  some  extent  the  soil 
conditions  and  the  vegetation.  The  differences  in  height  are 
not  great  enough  to  make  zones  of  climate,  but  they  have  an 
influence  in  determining  the  habitat  or  locality  which  is  favor- 
able to  certain  species  or  varieties  of  trees  and  unfavorable  to 
others,  and  in  giving  character  to  the  forest  as  an  assemblage  of 
trees. 
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HISTORICAL   NOTES   ON    FORESTS. 

New  Jersey  as  one  of  the  Middle  Atlantic  States  was  originally 
well  wooded  and  well  watered,  and  the  early  settlers  within  its 
bounds  had  to  make  their  clearings  on  the  border  of  the  great 
continental  forests  of  North  America.  A  pamphlet  published  in 
1648,  entitled  '*A  Description  of  the  Province  of  New  Albion," 
&c.,  tells  of  the  richness  of  the  soil  '*  replenished  with  the  good- 
liest woods  of  oak,  and  all  timber  for  ships  and  masts,  mulber- 
ries, sweet  cypresse,  cedars,  pines  and  firres."*  Thomas  Budd, 
in  his  quaint  story  of  **  Good  Order  Established  in  Pennsilvania 
and  New  Jersey  in  America,''  printed  in  1685,  ^^Y^  •  "  'I*^^  Pine- 
Tree  groweth  here,  out  of  which  is  made  Pitchy  Tar^  Rosin  and 
Turpentine, ^^\  Gabriel  Thomas  in  his  **  West-New  Jersey,"  print- 
ed in  1698,  says :  '*  In  this  country  also  is  great  plenty  of  working 
Timber^  as  Oaks^  Ash^  Chesinnis^  Pine^  Cedar^  Walnut^  Poplar^ 
Firr^  and  Masts  for  Ships^  with  Pitch  and  Rosin  of  great  use  and 
much  benefit  to  the  Countr>\"I  In  a  further  account  of  the 
many  navigable  rivers,  he  says  of  **  Timber-River  alias  Glocester- 
River,  which  hath  its  name  (also)  from  the  great  quantity  of 
curious  Timber^  which  they  send  in  great  Floats  to  Philadelphia^ 
a  City  in  Pennsilvania,  as  Oaks^  Pines ^  Chestnuts^  Ash  and  Cr- 
darsy^  The  following  extract  is  from  the  Travels  of  Johann 
David  Sell'  pf  in  the  middle  and  southern  United  States  of  North 
America,  in  1777,  published  at  Erlangen,  Germany,  in  1788.II 
*^  The  mining  and  metallurgical  industry  in  New  Jersey,  as  every- 
where in  America,  cannot'  be  enduring  in  its  present  condition 
because  no  care  is  taken,  as  is  done  in  most  districts  in  Europ)e, 
to  maintain  the  forests,  and  many  works  must  stop  without  unin- 
terrupted supplies  of  coal  and  timber,  as  is  here  and  there  already 
the  case.  There  is  not  the  slightest  care  of  the  forests.  The 
owners  of  forges  and  furnaces  have  generally  large  tracts  of 
woodland,  which  are  cut  over  without  order.     *     *     *     The 


•  Smith's  Hilt,  of  New  Jersey,  Burlington,  1765,  pp.  27-28. 

t  Reprint  in  Gowan's  Bibliotheca  Americana,  No.  4,  p.  35. 

X  An  Historical  and  Geographical  Account  of  the  Province  and  Country  of  PennsilTania  and  West- 
New-Jersey,  London — 1698,  p.  27. 

^  Gabriel  Thomas,  page  28. 

!|  Reise  durch  einige  der  mittleren  und  sudlichen  Vereinigten  Nordamerikanischen  Staaten,  Erlangen, 
1788,  Vol.  i,p  43. 
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Union,  a  blast  furnace  in  Jersey,  consumed  in  12  to  15  years 
the  wood  from  nearly  20,000  morgen*  and  must  be  abandoned  in 
consequence  of  the  want  of  wood.  It  is  true  that  this  cleared 
land  was  afterwards  settled  in  farms,  but  it  was  not  of  much  value 
because  of  the  lack  of  wood.  *  *  *  The  timber  in  these 
mountainous  regions  consists  for  the  most  part  of  deciduous 
trees,  and  mostly  of  oak,  which  does  not  appear  to  be  of  very 
rapid  growth  in  America.  *  *  *  There  are  no  forest 
game  regulations;  no  forest  officials  in  America.  Whoever 
takes  up  new  land  acquires  full  privileges  with  all  on,  over 
and  under  it.  It  would  not,  therefore,  be  easy  to  teach  the 
peasants  and  land-owners  by  law  how  to  husband  their  wood 
so  that  their  great-grandchildren  may  have  a  stick  of  wood 
upon  which  to  hang  their  tea-kettle.  Want  and  experience 
must  here  replace  magisterial  foresight.  As  yet  there  is  no  gen- 
eral want  of  timber.  Only  in  the  towns  wood  is  dear  because 
cutting  and  hauling  make  the  cost  four  to  five  times  that  of 
standing  timber.''  Thomas  Gordon  in  1834  said  that  an  "im- 
mense forest  covers  probably  four-fifths  of  the  alluvial  district ; 
and  forty  years  ago  a  large  portion  of  it  was  not  worth  more  than 
from  six  to  ten  cents  the  acre.  *  *  *  They  have  risen  from 
ten  cents,  to  an  average  price  of  six  dollars  the  acre  ;  and,  where 
very  well  timbered  and  convenient  to  market,  bring  from  fifteen 
to  twenty-five  dollars.  *  *  =♦=  jj^  ^1^^  sandy  region  are 
extensive  swamps  which  bear  the  beautiful  and  valuable  white 
cedar,  much  sought  for  fencing,  and  which  sells  readily  at  from 
one  to  three  hundred  dollars  the  acre.^'t  These  historical 
accounts  show  that  there  was  lumbering  at  an  early  period  in  the 
settlement  of  the  State  and  that  the  original  timber  was  large 
and  valuable.  Gordon  in  the  above-mentioned  description  of  the 
State  refers  to  the  pine  belt  as  having  been  largely  cut  over, 
owing  to  the  demands  of  the  furnaces,  forges,  glass-works,  and 
the  many  steamboats  on  the  rivers.  Much  valuable  wood  was 
consumed  as  fuel,  and  the  original  forest  disappeared  almost 
wholly  from  the  lands  near  navigable  waters.  The  rich  agricul- 
tural districts  had  been  nearly  all  taken  up  in  farms  at  the  begin- 
ning of  the  century,  and  from  that  time  the  progress  in  clearing 


•  Morgen  —  G«nnan  acre  —  '^  acre. 

t  A  Gazetteer  of  the  State  of  New  Jersey,  by  Thomas  F.  Gordon,  Trenton — 1834,  pp.  a-3. 
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was  probably  due  to  the  increasing  demand  for  wood,  rather  than 
that  for  farm-land.  The  growth  of  the  manufacturing  interests 
and  the  construction  of  the  canals,  and  then  the  railway  lines, 
made  the  consumption  of  wood  so  active  that  cutting  made  rapid 
inroads  in  the  deeper  recesses  of  the  forests  and  the  whole  State 
was  practically  cut  over  by  1850-1860.  Since  that  time  the 
timber  cut  has  been  nearly  all  of  *'  second  growth,''  and  but  a 
small  part  of  it  has  been  merchantable  lumber.  The  disappear- 
ance of  the  large  timber  has  made  it  necessary  to  cut  over  at 
shorter  periods  and  leave  little  or  no  growth  to  reach  mature 
conditions  fit  for  lumbering.*  New  Jersey  has  ceased  to  be  a 
lumber-producing  State. 

PRESENT  CONDITION   OF   FORESTS. 

The  existing  conditions  of  the  forests  vary  greatly  in  the 
several  great  natural  divisions  of  the  State.  In  the  fanning  dis- 
tricts ever>'  fann  has  its  wood-lot  or  timber  land^  which  may 
range  from  an  acre  to  a  hundred-acre  tract,  or,  in  some  cases, 
even  two  or  three  hundred  acres,  although  these  larger  tracts 
are  generally  outlying  and  not  a  part  of  the  farm.  Generally 
they  are  the  home-supply  of  fuel  and  fencing-timber  and  heavier 
construction-work  of  the  farm  and  the  neighborhood.  In  these 
wood-lots  the  largest  and  best  timber  of  the  State  is  to  be  found, 
and  the  oak  on  the  limestone  and  slate  of  the  vallevs  in  Sussex, 
Warren  and  Morris  counties,  on  the  red-shale  in  Hunterdon, 
Somerset,  Mercer  and  Middlesex  counties,  and  on  the  red-shale 
and  glacial  drift  soils  in  Bergen,  Essex  and  Union  counties,  is 
thrifty  in  growth  and  large.  In  the  clay  and  greensand  marl 
belts  of  the  State  the  chestnut  predominates.  As  coppice  wood 
it  is  rapid-growing  and  valuable  timber.  Very-  little  pine  timber 
is  in  these  wood-lots,  unless  occasionally  as  the  growth  on  an  old 
field,  and  rarely  any  mixed  stand  of  coniferous  and  deciduous 
trees.  In  many  cases  they  are  pure  forest.  These  wood-lots  are 
protected  against    fire  by   their  separate  situations,   and   their 

*  The  largest  white-oak  tree  in  the  State  it  in  Gloacester  County,  three  mile*  n(»th  of  Micldetoa, 
and  its  dimensions,  as  given  by  Dr.  J.  T.  Rothrock,  are  :  Height,  95  feet ;  diameter  of  trtink,  three  iect 
above  the  ground,  7  feet  xo  inches;  spread  of  branches,  118  feet.  The  dimensions  of  the  &moas  Salcat 
white-oak  are:  Height,  78  feet;  circumference,  four  feet  above  ground,  x8  feet  3  inches;  sprcaul  of 
branches,  iia  feet ;  area  covered  by  branches,  9,85a  square  feet.  These  trees  are  ol^er  than  ihe  tettic- 
ment  of  the  country  and  are  of  the  forest  which  then  covered  the  country. 
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owners  take  care  that  they  are  not  damaged  by  cattle  running 
at  large  and  by  the  careless  and  malicious  acts  of  trespassers. 
The  forest  management  in  protection  is  the  best,  but  the  treat- 
ment is  not  generally  that  of  a  crop,  except  when  the  timber  is 
cut  or  the  land  is  cleared  for  additional  fields.  The  gathering 
of  the  crop  is  undoubtedly  well  done  and  better  and  more  profit- 
able than  would  be  possible  under  State  or  any  public  control  of 
these  lots.  The  weak  point  in  the  system  or  management  is 
the  indifference  of  the  owner  to  the  kind  of  timber  and  the 
thickness  of  the  stand  of  the  trees.  A  careful  examination  of 
these  lots  shows  that  in  many  the  trees  are  of  inferior  kinds,  of 
bnishy  form  and  thin  stand,  allowing  of  too  much  under- 
growth. At  this  point  scientific  forest  management  w^ould  be 
helpful  and  the  crop  would  be  correspondingly  more  valuable. 
Scientific  forestry  should  aid  the  farmer  in  caring  for  wood-lot 
just  as  the  tillage  of  the  soil  and  the  pasturage  of  these  farms 
have  been  improved  greatly  by  the  application  of  the  principles 
of  science  to  agriculture. 

In  the  mountainous  districts  of  the  State  the  variation  is 
more  in  the  kind  of  timber.  The  Kittatinny  mountain  has  a 
mixed  growth  of  coniferous  and  deciduous  trees,  and  also  the 
more  rocky  parts  of.  the  Bearfort  and  Green  Pond  mountains. 
The  Highlands  forest  is  nearly  all  of  the  broad-leaf  kinds,  and 
the  chestnut  predominates  among  them.  Coniferous  trees  are' 
scarce.  The  trap-rock  ridges  have  a  more  mixed  growth  on 
them,  and  poor  in  quality.  The  woodland  in  these  mountainous 
districts  is  held  generally  in  large  tracts,  from  several  hundred 
to  several  thousands  of  acres,  and  owing  to  their  size  fires  occur 
and  burn  over  large  areas,  particularly  where  there  are  pines 
in  the  growth.  The  damage  from  cattle  and  from  trespassers 
also  is  here  felt.  Verv^  little  of  the  timber  is  mature  or  old, 
the  whole  having  been  cut  over  since  the  first  settlement  of  the 
country,  and  over  large  areas  there  have  been  repeated  cuttings 
for  the  fuel  used  in  forges,  furnaces  and  in  railway  use  and 
other  constructions.  In  the  Highlands  the  losses  from  fires  are 
comparatively  little  and  the  protection  is  efficient.  Here  also 
silviculture  might  come  in  to  the  advantage  of  the  large  land- 
holders, and  the  scientific  forester  might  be  helpful  in  caring 
properly  for  the  timber,  and  in  cutting  so  as  to  promote  better 
successive  growths. 
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ill-suited  to  fanning,  in  forest  and  the  practice  of  more  scientific 
methods  of  agriculture  must  be  depended  upon  to  maintain  the 
proper  proportion  of  woodland  to  farmed  lands  in  these  districts 
of  the  State. 

In  the  Highlands,  on  the  Kittatinny  mountain,  on  the  trap- 
rock  ridges,  including  the  Palisades  mountain,  and  in  the  Pines 
belt  of  Southern  New  Jersey,  there  are  large  tracts  which 
should  be  kept  in  forest.  General  clearing  would  be  unprofit- 
able in  the  Kittatinny  mountain  because  the  surface  is  too  rocky 
and  the  soil  too  thin  for  making  farms  on  it.  The  inaccessibility 
on  account  of  lack  of  roads  and  the  distance  from  market,  make 
it  ill-suited  to  agriculture.  This  mountain  range  is  one  of  the 
natural  subdivisions  of  the  State  which  may  be  considered  as 
adapted  to  forest — it  may  be  game  preserves,  or  woodland  for 
the  production  of  wood.  The  Highlands  is  a  well-wooded 
natural  division  of  the  State,  and  especially  the  northern 
part,  or  about  as  far  south  as  the  line  of  the  Lackawanna  Rail- 
road, from  Morristown  westerly  to  Hackettstown,  and  thence  to 
Belvidere.  The  terminal  moraine  marks  the  southern  limit  of 
the  more  densely  wooded  part.  The  southern  part,  stretching 
southwest  to  the  Delaware  river,  is  more  largely  in  farms  and 
under  cultivation.  The  map  which  accompanies  this  report 
shows  the  cleared  land  and  the  woodland  in  detail.  It  mav  be 
noted  that  the  slopes  of  the  hills  and  mountains,  and  the  moun- 
tain-tops are  generally  wooded ;  the  fann-lands  are  in  the  valley- 
bottoms,  and  on  the  level  plateaus.  The  timber  is  generally 
chestnut  and  oak  and  other  broad-leaf  species.  In  places  chest 
nut  coppice  wood  predominates  over  all  other  kinds.  There 
is  less  white  oak,  hickory  and  ash  than  on  the  limestone  and 
slate  of  the  Highland  valleys  and  the  Kittatinny  valley.  Black 
walnut,  tulip  poplar  and  beech  are  scarce.  The  coniferous 
trees  are  white  pine,  pitch  pine,  hemlock,  larch  and  red  cedar. 
The  value  of  tliis  Highlands  forest  is  in  the  favorable  conditions 
which  it  makes  for  gathering  ground  for  the  streams  supplying 
water  to  the  cities  of  the  northeastern  part  of  the  State.  The 
brooks  in  the  woods  do  not  carry  so  much  earthy  material  as 
streams  which  receive  water  from  bare  ground  and  ploughed 
fields.  The  water  is  clear  and  not  turbid  or  roily  and  is  suited  to 
city  supply.  The  superior  quality  of  water  from  such  wooded  dis- 
tricts, over  that  gathered  in  a  cleared  farming  country,  makes  it 
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The  wooded  zone  of  Southern  New  Jersey,  which  is  known 
as  **The  Pines,"  has  some  sharp  contrasts  between  its  coarse, 
sandy  soils,  covered  by  the  pitch  pine  almost  exclusively,  its 
heavier  soils,  with  mixed  oak  and  pine,  its  white-oak  bottoms, 
its  white-cedar  swamps  and  its  mixed  swamp  lands.  The  size  of 
the  holdings  is  large,  running  up  to  tens  of  thousands  of  acres. 
The  ravages  of  fire  and  the  severe  cutting  have  left  scarcely  any 
large  timber,  and  the  original  forest  has  disappeared  from  these 
wide  stretches  of  pine  lands  and  cedar  swamps.  Owing  to  the 
frequency  of  fires  over  a  large  part  of  the  Pines  belt  the  timber 
is  oak  coppice  and  stunted  pines.  The  cedar  continues  thrifty 
and  springs  up  quickly  after  cutting.  The  care  of  the  forest, 
excepting  that  of  a  few  individual  tracts  and  of  two  or  three 
companies,  is  practically  of  no  value  in  promoting  a  better 
growth,  and  the  lack  of  some  forceful  system  of  protection 
makes  any  forestry  experiments  impracticable. 

The  forests  in  the  agricultural  districts  of  the  State  are  dis- 
tributed comewhat  irregularly,  and  the  proper  proportion  of 
woodland  to  improved  land  in  farms  is  not  maintained  through- 
out these  districts.  In  some  parts  of  the  Raritan  valley  the 
cleared  area  is  continuous  for  miles,  and  the  fringe  of  trees 
bordering  the  brooks  is  about  all  that  is  left  of  what  was  a 
heavily-timbered  valley.  The  valleys  of  the  limestone  and  slate 
in  Warren  county  are  also  bare  of  forest.  Throughout  the 
southern-central  part  of  the  State,  and  particularly  in  the  g^een- 
sand-marl  zone,  the  woods  are  well  distributed  among  the  farms 
and  make  a  pleasing  diversity  in  the  landscape,  as  well  as  answer- 
ing the  claims  of  forestry  in  the  proper  relation  of  cleared  land 
to  forest.  It  would  be  well  in  places  to  let  some  of  the  more 
rocky  hill-tops  and  the  steep  hill-sides  be  left  for  planting  with 
valuable  timber  trees,  and  the  ravines  and  gullies  as  well  as  the 
thin  soils,  which  are  too  poor  for  profitable  fanning,  and  allow 
them  to  grow  up  in  wood.  A  reduction  in  the  average  size  of  the 
farms  would  lead  to  what  is  termed  **  more  intensive  farming," 
and  the  increased  acreage  in  woodland  would  add  to  the  total 
production  by  its  crop  of  timber,  particularly  if  some  care  were 
taken  in  seeding  the  wood-lots  with  more  valuable  timber  trees, 
and  tlie  cuttings  were  not  so  severe  as  at  present.  An  educated 
public  opinion  favoring  the  keeping  of  these  lands,  which  are 
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ill-suited  to  fanuing,  in  forest  and  the  practice  of  more  scientific 
methods  of  agriculture  must  be  depended  upon  to  maintain  the 
proper  proportion  of  woodland  to  farmed  lands  in  these  districts 
of  the  State. 

In  the  Highlands,  on  the  Kittatinny  mountain,  on  the  trap- 
rock  ridges,  including  the  Palisades  mountain,  and  in  the  Pines 
belt  of  Southern  New  Jersey,  there  are  large  tracts  which 
should  be  kept  in  forest.  General  clearing  would  be  unprofit- 
able in  the  Kittatinny  mountain  because  the  surface  is  too  rocky 
and  the  soil  too  thin  for  making  farms  on  it.  The  inaccessibility 
on  account  of  lack  of  roads  and  the  distance  from  market,  make 
it  ill-suited  to  agriculture.  This  mountain  range  is  one  of  the 
natural  subdivisions  of  the  State  which  may  be  considered  as 
adapted  to  forest — it  may  be  game  preserves,  or  woodland  for 
the  production  of  wood.  The  Highlands  is  a  well-wooded 
natural  division  of  the  State,  and  especially  the  northern 
part,  or  about  as  far  south  as  the  line  of  the  Lackawanna  Rail- 
road, from  Morristown  westerly  to  Hackettstown,  and  thence  to 
Belvidere.  The  tenninal  moraine  marks  the  southern  limit  of 
the  more  densely  wooded  part.  The  southern  part,  stretching 
southwest  to  the  Delaware  river,  is  more  largely  in  farms  and 
under  cultivation.  The  map  which  accompanies  this  report 
shows  the  cleared  land  and  the  woodland  in  detail.  It  mav  be 
noted  that  the  slopes  of  the  hills  and  mountains,  and  the  moun- 
tain-tops are  generally  wooded ;  the  farm-lands  are  in  the  valley- 
bottoms,  and  on  the  level  plateaus.  The  timber  is  generally 
chestnut  and  oak  and  other  broad-leaf  species.  In  places  chest- 
nut coppice  wood  predominates  over  all  other  kinds.  There 
is  less  white  oak,  hickory  and  ash  than  on  the  limestone  and 
slate  of  the  Highland  valleys  and  the  Kittatinny  valley.  Black 
walnut,  tulip  poplar  and  beech  are  scarce.  The  coniferous 
trees  are  white  pine,  pitch  pine,  hemlock,  larch  and  red  cedar. 
The  value  of  this  Highlands  forest  is  in  the  favorable  conditions 
which  it  makes  for  gathering  ground  for  the  streams  supplying 
water  to  the  cities  of  the  northeastern  part  of  the  State.  The 
brooks  in  the  woods  do  not  carry  so  much  earthy  material  as 
streams  which  receive  water  from  bare  ground  and  ploughed 
fields.  The  water  is  clear  and  not  turbid  or  roily  and  is  suited  to 
city  supply.  The  superior  quality  of  water  from  such  wooded  dis- 
tricts, over  that  gathered  in  a  cleared  farming  country,  makes  it 
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desirable  that  the  forests  in  the  Highlands  should  be  kept,  and 
not  be  cleared  and  put  in  farms.  The  tillage  and  pasturage  of  the 
flats  and  of  the  level  tops  may  be  unobjectionable ;  the  slopes  of 
the  mountains  and  the  steep  hillsides  should  not  be  cleared,  but 
be  kept  in  woods.  The  need  of  all  the  water  of  this  Highlands 
region,  within  the  next  half  centur>',  by  our  cities  and  towns, 
emphasizes  the  value  of  the  water-supply  which  it  has,  and  the 
necessity  of  keeping  it  in  large  part  in  woodland  for  the  quality 
of  the  water  as  well  as  the  quantity.  The  Pines  Belt  of  Southern 
New  Jersey  also  has  an  important  relation  to  the  great  qviestion 
of  public  water-supply,  and  the  cities  and  towns  on  the  Delaware 
river  and  the  sea-side  towns  on  the  ocean-front  are  yet  to  get 
their  water  from  this  broad  zone  of  the  Coastal  Plain,  watered 
by  many  streams  now  well  fed  from  the  never-failing  and 
equable  flow  out  the  pure  sands  and  gravels  of  these  beds  of  late 
geological  age.  The  capacity  of  this  South  Jersey  region  to 
supply  water  of  excellent  quality  and  with  steady  flow,  makes  it 
valuable  as  a  preserve  or  reservation  for  this  use,  aside  from  the 
lumber  and  timber  which  might  be  produced,  were  it  not  for  the 
fires  which  consume  trees  and  soil  and  leave  barren  sands 
exposed  to  the  dangers  of  moving  by  the  wind.  The  forest 
question  is  here  all-important,  but  the  production  of  wood  as  a 
crop  is  not  so  essential  to  the  conservation  of  the  water-supply 
as  the  maintenance  of  a  cover  of  trees  and  shrubs. 

CLIMATIC    INFLUENXE.  OF    FORESTS. 

The  relation  of  forests  to  climate  is  close  and  yet  is  not  capa- 
ble of  expression  in  exact  terms,  because  of  the  great  variation 
in  the  working  of  the  agents  which  make  our  climates  and  their 
great  effects,  in  comparison  with  the  lesser  influence  attributable 
to  the  forest.  On  continental  plains  and  near  great  oceans  the 
influences  of  great  land-masses  or  of  wide  water-areas  are  so 
great  in  their  sweep  that  the  relatively  insignificant  cover  which 
even  a  tall  forest  may  afford  is  a  small  factor  in  the  making  of 
climate.  The  islands  in  the  ocean,  c,  g.  Great  Britain  and 
Ireland,  have  an  insular  climate  which  no  extent  of  woodlands 
could  alter  greatly.  Our  continental  climate  also  is  detennined 
by  topographic  and  not  by  forestal  conditions.  The  forest  is, 
however,  a  shade  to  the  ground,  and  protects  against  what   is 
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termed  insolation  or  excessive  heating  by  the  rays  of  the  sun 
falling  directly  upon  it.  The  influence  in  lessening  the  quan- 
tity of  water  evaporated  from  the  surface  also  is  recognized, 
although  it  is  offset  by  the  transpiration  of  water  by  the  leaves 
of  the  tree  and  drawn  up  by  the  tree  from  the  ground-water. 
The  most  important  beneficial  influence  of  the  forest  is  as  a 
wind-break,  and  in  reducing  the  sensible  effects  of  extreme  heat 
and  severe  cold.  The  moderating  and  softening  influences  of 
forests  are  known,  but  are  not  so  well  recognized  as  they  ought 
to  be  by  students  of  climate  and  by  the  people  generaHy.  The 
shelter  of  a  narrow  belt  of  trees  or  of  woods  aofainst  the  drv 
parching  winds  of  summer  and  the  cold  waves  of  winter  is  not 
only  a  comfort  to  man,  but  also  a  protection  to  many  of  the  more 
delicate  forms  of  vegetation  and  to  some  fann  crops.  Hence  the 
value  in  an  agricultural  district  of  wood-lots  which  may  serve  as 
wind-breaks.  In  sandy  soils  high  winds  tend  to  move  the  loose 
grains  and  to  form  shifting  bodies  of  sand  or  dunes,  which  bury 
vegetation  in  the  march  and  tend  to  produce  conditions  like 
those  of  a  desert.  Hence  in  a  country  whose  surface  is  sandy,  as 
that  of  southeastern  New  Jersey,  timber  belts  are  necessary  to 
arrest  this  movement.  Frequent  fires  have,  in  places,  made  so 
barren  a  soil  that  this  desolating  dune-formation  is  appearing 
and  is  threatening  to  widen  its  reach. 

The  influence  of  the  forest  upon  the  stream-flow  of  any 
country  is  mainly  upon  the  discharge  or  rate  of  flow,  and  not 
upon  the  total  volume  of  water  which  runs  off  in  the  streams, 
and  the  layer  of  vegetable  mold  or  humus  of  the  soil  is  in  the 
nature  of  a  sponge,  taking  up  the  water  and  holding  it,  thereb}' 
reducing  the  flow  in  the  case  of  light  rains  and  yielding  a  con- 
stant supply  after  heavier  rainfalls.*  The  study  of  the  subject  of 
stream-flow  in  New  Jersey  points  to  the  necessity  of  a  forest 
cover  in  order  to  protect  the  soil  and  prevent  it  being  carried 
away  into  the  streams,  and  making  the  water  turbid  and  filthy, 
and  in  providing  a  bed  of  leaf-mold  and  humus  to  hold  the  water 

*The  woodlands  of  our  day  are  largely  of  coppice  growth  and  of  small  trees  as  compared  with  the 
giants  of  the  original  forest.  The  layer  of  humus  was  then  large,  due  to  the  accumulation  of  decaying 
tree* trunks  and  the  litter  of  many  seasons,  and  the  more  dense  growth  of  ferns  and  other  shade-loving 
plants.  The  thicker  bed  of  humus  was  able  to  hold  a  larger  volume  of  water  and  its  influence  was  cor- 
respondingly greater  than  it  b  to-day,  when  the  forest  litter  is  scanty — perhaps  the  growth  of  a  few 
seasons  only.  Fires  bum  over  woods  so  frequently  that  there  is  practically  no  humus  such  as  the 
original  forest  had.  The  total  area  of  swamps  also  has  been  reduced  I^u-gely  and  the  catchment  basins 
are  now  moiintkin«tops  and  hillsides,  rather  than  valleys  and  swamps. 
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against  too  rapid  discharge  in  ordinary  floods.  The  beneficial 
effects  are  sufiicient  to  call  for  some  restriction  upon  further 
and  extensive  clearing. 


EDUCATIONAL   AND   .ESTHETICAL   ELEMENTS. 

The  preservation  of  some  of  the  forests  for  the  purposes  of 
education  is  of  public  importance.  To  the  student  of  botany 
the  woodland  must  always  be  the  place  for  earnest  work  and 
full  of  fruitful  suggestions  and  valuable  facts.  There  trees, 
shrubs  and  herbaceous  plants  are  found  in -their  native  habitat^ 
and  their  relations  to  one  another  are  there  studied  to  the  best 
advantage.  The  clearing  of  all  the  country  around  our  large 
towns  and  cities  makes  it  necessar>'  now  to  go  far  afield  to  study 
the  flora  of  the  natural  woods.  The  reservation  of  tracts  of 
woodland  in  easily  accessible  locations  will  help  to  counteract 
the  losses  due  to  so  wide  clearing  of  the  forest,  and  will  make 
it  possible  for  the  scholars  of  city  schools  to  study  how  plants 
and  trees  grow  in  their  native  woods.  The  text-book  cannot 
take  the  place  of  living  fonns.  The  woods  should  be  kept  as 
nature's  arboreta  for  the  benefit  of  the  schools. 

The  preservation  of  typical  species  of  the  plant-world  and 
also  of  those  which  are  characteristic  of  any  locality  or  district, 
as  the  mountain  tops,  the  sheltered  valleys  of  the  Highlands, 
and  the  swamps  and  sandy  plains  in  Southern  New  Jersey,  calls 
for  the  preservation  of  some  of  the  forests.  Extensive  clearing 
threatens  to  exterminate  some  of  the  more  rare  and  more  inter- 
esting species  and  to  break  up  the  grouping  of  forms  as  they  are 
now  to  be  seen  in  these  wild  conditions  of  the  forest.  It  would 
be  a  public  misfortune  to  lose  any  of  our  characteristic  species 
or  their  natural  grouping,  as  now  existing,  or  to  have  our  rich 
botanical  heritage  marred  by  general  deforestation  of  the  State. 

The  woodlands  afford  homes  to  our  characteristic  animals. 
They  are  great  natural  preserves  where  the  mammals,  birds  and 
other  forms  native  in  the  State  are  found.  The  clearing  of  the 
timber  means  the  extinction  or  disappearance  of  some  of  our 
wilder  species  from  the  State.  The  protection  of  our  fauna  is 
bjund  up  with  the  preservation  of  the  forests,  and  the  student 
of  natural  history  is  deeply  iilterested  in  this  protection.     The 
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question  of  preserves  for  game  also  comes  in  as  of  importance, 
and  the  sportsman  as  well  as  the  naturalist  wants  the  woodland 
and  is  the  friend  of  protection  for  the  forest. 


PROTECTION    AGAINST    FOREST    FIRES — DUTY    OF    THE    STATE. 

The  protection  of  the  forests  demands  the  care  of  the  com- 
munity and  the  State  in  stopping  the  fires  which  are  caused  by 
carelessness,  malice  and  avoidable  accidents.  The  great  Pines  dis- 
trict of  Southern  New  Jersey  should  be  protected  against  fires. 
The  forests  of  the  Highlands  should  be  protected  against  exces- 
sive wasting  and  clearing  on  accoimt  of  their  value  to  the  pub- 
lic water-supply.  For  the  encouragement  of  this  retention  of  the 
land  in  wood  there  may  be  a  bounty-system  or  rebate  of  taxation. 
The  owner  of  woodland  who  derives  no  regular  income  from  it 
and  has  no  yearly  crop  might  be  exempted  from  taxation  so  long 
as  the  timber  was  uncut,  or  might  be  obliged  to  pay  a  percentage 
of  the  revenue  whenever  his  woodland  was  cleared.  In  this 
way  the  hillsides  and  the  more  inaccessible  tracts  might  be 
kept  in  wood.  On  the  Blue  or  Kittatinny  mountain  the 
protection  against  fires  is  demanded,  because  of  the  easy  in- 
flammability of  the  pitch  pine,  and  the  dry  condition  of  the 
pine  and  deciduous-tree  leaves  in  the  autumn  and  in  the 
spring.  In  the  southern  part  of  the  State  the  necessity  of  public 
protection  is  imperative  if  there  is  to  be  any  production  of  timber 
or  lumber  in  that  part  of  the  State.  Both  Mr.  Pinchot  and  Mr. 
Gifford  have  recommended  fire-lanes.  Mr.  Gifford's  suggestion 
that  these  lanes  be  also  public  roads,  and  possibly  State  roads,  is  a 
good  one  so  far  as  protection  goes.  Some  system  of  protection 
must  be  adopted  if  ever  these  terrible  forest-fires  are  to  be  stopped. 
If  State  reservations  are  to  be  created  these  three  great  divisions 
or  districts  are  the  ones  in  which  they  are  to  be  located.  A  for- 
est system  with  State  control  must  mean  State  ownership  of  lands 
in  order  to  be  effective  in  either  protection  or  in  the  cultivation 
of  wood  as  a  crop  in  silviculture.  The  control  of  the  forests  by 
the  State  is  a  subject  of  great  public  importance  and  demands  the 
careful  study  of  the  wise  legislator,  in  order  to  avoid  the  error  of 
excessive  paternalism  in  government  on  the  one  hand  and  the 
reckless  and  riotous  excesses  of  individual  liberty  and  license 
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on  the  other  side.  It  is  the  province  of  this  report  to  give 
information,  but  at  the  same  time  it  is  the  part  of  wisdom  tc 
urge  that  the  State  shall  take  care  to  inculcate  sound  moral 
instruction  as  well  as  give  valuable  facts.  The  education  of  the 
people  is  not  wholly  one  of  technique.  The  State  is  responsible 
for  order  as  well  as  sound  learning,  and  the  education  or  uplift 
ing  of  the  moral  sentiment  is  as  essential  as  that  of  mere  school 
ing  in  the  facts  of  science.  The  people  must  be  taught  to  recog 
nize  duty  to  the  State  as  well  as  to  individual,  and  no' amount  o: 
technical  education  is  of  force  to  save  the  forests  unless  the 
interest  of  the  individual  coincides  with  that  of  the  State 
Hence  an  educational  campaign  is  desirable.  The  State  oughi 
to  continue  the  work  of  giving  information  about  forests  anc 
forest  management  and  protection,  and  also  aim  to  create  < 
public  sentiment  which  shall  compel  the  local  authorities  in  th< 
more  densely  wooded  districts  to  stop  forest  fires  and  lead  to  i 
better  care  of  woodland  and  to  the  restoration  of  the  forest  ove: 
lands  which  are  not  of  value  in  tillage  or  pasturage  in  farms 
Inasmuch  as  these  surv^eys  of  the  forests  of  the  State  wen 
begun  by  the  Geological  Survey,  the  continuation  of  the  worl 
and  of  this  educational  campaign  could  be  directed  by  the  Boan 
of  Managers  of  the  Survey  as  a  Forest  Commission  and  be  don( 
by  an  expert  forester  under  the  direction  of  said  Board.  Tin 
duties  of  this  forester  would  be  like  those  of  State  Foresters 
in  States  which  have  such  offices,  and  would  be  largely  in  col 
lecting  information  and  in  distributing  it  by  correspondenc 
and  by  public  lectures,  bulletins  and  annual  reports. 
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The  Forests  of  New  Jersey 


By  C  C  VERMEULE. 
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Physical  G)ndition  of  New  Jersey  Forests* 


The  term  "  forest,"  as  used  in  this  paper,  includes  all  areas 
which  are  devoted  to  the  growing  of  timber,  whatever  may  be  the 
stage  of  growth.  The  forest  area  is  therefore  made  up  of  stump 
land,  brush  land  and  timber  of  all  ages,  but  the  amount  of  stump 
and  brush  land  is  comparatively  small,  and  only  a  small  propor- 
tion of  the  timber  exceeds  fifty  years  in  age ;  much  the  larger 
part  ranges  from  20  to  50  years.  While  the  forest  growth  varies 
in  thriftiness  with  the  nature  of  the  soil,  practically  all  of  the 
upland,  if  left  uncultivated  or  unoccupied,  will  produce  timber, 
consequently,  exclusive  of  the  areas  occupied  by  towns  and  cities, 
all  of  the  upland  not  imder  cultivation  may  be  considered  to  be 
forest.  The  tide-marsh  areas  cannot  produce  timber  because  of 
saltness  ;  there  are  small  areas  of  savannah  land  naturally  treeless 
in  the  southern  New  Jersey  pine  belt,  but  the  kind  of  alluvial 
lands  which  will  not  produce  timber  because  of  the  exceeding 
fineness  of  the  soil,  such  as  the  prairie  lands  of  the  Mississippi 
Basin,  are  almost  unknown  in  this  State. 

The  most  considerable  area  of  upland  which  seems  almost 
incapable  of  producing  timber  is  that  known  as  **the  plains,'^  in 
the  southeastern  part  of  Burlington  coimty,  comprising  over 
14,000  acres  of  sandy  and  gravely  upland,  covered  with  a  stunted 
arboreal  growth,  and  which  is  fully  described  in  a  later  chapter. 
In  northern  New  Jersey  most  of  the  top  of  Bearfort  mountain, 
and  some  limited  areas  of  Green  Pond  and  Copperas  mountains, 
together  with  the  main  crest  and  steep  eastern  escarpment  of 
Kittatinny  mountain,  are  too  bare  of  soil  to  produce  timber  of 
consequence,  but  all  of  these  barren  areas  together  do  not  com- 
prise one  per  cent,  of  the  upland  area  of  the  State. 

DISTRIBUTION   OF    FOREST. 

The  largest  continuous  area  of  forest  in  the  State  is  *'  the 
pines,''  an  almost  unbroken  coniferous  forest,  covering  practi- 
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cally  all  of  that  portion  of  the  State  southeast  of  a  line  drawn 
from  Seabright  to  Glassboro  and  thence  through  Bridgeton  to 
Delaware  bay,  and  comprising  some  1,200,000  acres  in  all.  The 
greatest  body  of  deciduous  forest  lies  on  the  northeastern  High- 
lands, nearly  co-extensive  with  the  Wanaque,  Pequannock, 
Rockaway  and  Upper  Musconetcong  water-sheds.  Another  con- 
siderable area  is  that  of  the  higher  portion  of  the  Kittatinny 
mountain  region. 

The  following  table  shows  the  area  of  forest  by  counties : 


AREA  OF  FOREST  BV  COUNTIES. 


*M 

■  '  ' — ■         — 

u 

COUHTY. 

Cleared 
Upland,  Acres. 

Forest,  Acres. 

Percentag 
Upland 
Forest. 

PreraUbg  Kinds. 

Atlantic,     .   .   . 

3577' 

271,638 

88 

Coniferous 

Bergen 

85.879 

57.591 

40 

Deciduous. 

T-k                 1    *                     A. 

J  Coniferous,  south. 

Burlington,   .    . 

207,979 

303^77 

59 

1  Deciduous,  north. 

Camden,     ,   .   . 

72.513 

66.588 

48 

J  Coniferous,  east. 
J  Deciduous,  west 

Cape  May,     .   . 

29,823 

80.851 

73 

Coniferous 

Cumberland,     . 

101,316 

166,264 

62 

I  Coniferous,  east. 
1  Mixed  west. 

Essex,     .... 

52.507 

24,239 

32 

Deciduous. 

Gloucester,    .    . 

126,685 

74.818 

37 

1  Coniferous,  deciduous  and 
1     mixed. 

Hudson.     .   .    . 

15.073 

713 

05 

Deciduous. 

Hunterdon,    .   . 

240,438 

39,481 

14 

Deciduous. 

Mercer,    .    .    . 

128,400 

15.829 

II 

Deciduous 

Middlesex,     .    . 

131.276 

60,164 

31 

Deciduous. 
1  Deciduous,  north. 

Monmouth,    .   . 

211,288 

89,711 

30 

<  Coniferous  and  mixed 
1     southeast 

Morris,    .... 

163,809 

140,101 

46 

Deciduous. 

Ocean,     .... 

47.084 

313.087 

87 

Coniferous. 

Passaic,  .... 

50, 284 

75,204 

60 

Deciduous 

Salem 

138.081 

50,057 

27 

Deciduous  except  extreme 
east 

Somerset,   .   .   . 

166,352 

28,613 

15 

Deciduous. 

Sussex,   .... 

201,855 

136.538 

40 

Peciduous 

Union 

46,954 

14.350 

23 

Deciduous. 

Warren 

171.564 
2.424^931 

60,205 
2.069  819 

26 

Deciduous 

The  State   . 

46  _ 

The  above  areas  were   determined   by   actual    measurement 
of  the  forest  areas  laid  down  on  the  topographical  maps  of  the 
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State.  Small  groves,  less  than  ten  acres  in  extent,  and  strips, 
hedge-rows,  etc.,  are  not  included.  A  table  of  areas,  by  town- 
ships, will  be  found  in  the  "  Physical  Geography  of  New 
Jersey,"  pages  134  to  149  of  the  Appendix. 

It  will  be  seen  that  46  per  cent.,  or  nearly  half  of  the  upland 
area  of  the  State,  is  in  forest.  The  improved  land  in  farms, 
according  to  the  census  of  1890,  aggregates  1,999,117  acres — 
almost  exactly  equal  to  the  forest  area.  Compared  with  neigh- 
boring States,  we  have  the  improved  land  in  farms  and  forest 
area  as  follows : 

Percentage  of  Estimated  Per- 

Upland  centage  of 

Area  Upland  Area 

'                                                                                           Improved.  in  Forest. 

New  Jersey 46  46 

Massachusetts,       41  51 

Connecticut, 53  39 

New  York 58  34 

Pennsylvania, 47  45 

Delaware 60  32 

Maryland, 53  39 

This  shows  that  New  Jersey  has  more  than  the  average 
amount  of  forest  area,  although,  as  may  be  seen  by  consulting 
the  areas  by  counties,  it  is  not  evenly  distributed. 

By  geological  and  topographical  divisions  the  forest  areas  are 
as  follows : 

Percentage 
Forest  Area.  of  upland 

Acres.  area  in  ibrest. 

Kittatinny  Mountain,  including  all   west    to 

Delaware  River, 58,000  64 

Kittatinny  Valley,           40,000  19 

Northeastern  Highlands, 211,000  67 

Southwestern  Highlands,       89,000  30 

Northeastern  Red  Sandstone 103000  31 

Southwestern  Red  Sandstone 91,800  14 

Clay  and  Marl  Region, 147,840  15 

Tertiary  and  Quaternary, 1.329  179  68 

The  map  showing  the  distribution  of  forest  and  its  relation 
to  the  stream  catchments,  which  accompanies  this  report,  gives 
in  further  detail  the  location  of  the  forests  of  the  State.  This 
map  shows  the  acres  of  forest  in  each  one  hundred  acres  of 
upland.     It  will  be  seen  that  the  most  completely  deforested 
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sections — containing  less  than  lo  acres  of  forest  in  lOO  acres 
of  upland — are  not,  as  might  at  first  be  supposed,  in  the  most 
populous  regions,  but  in  the  agricultural  sections,  viz.,  the 
Raritan  valley,  in  Somerset  and  Hunterdon  counties,  and  thence 
southward  in  a  belt  about  12  miles  wide  along  the  Delaware 
river,  in  Mercer,  Burlington,  Camden,  Gloucester  and  Salem 
counties.  Other  deforested  areas  are  the  Musconetcong,  Pohat- 
cong  and  Delaware  valleys,  in  Warren  county,  and  about  the 
Navesink  and  Shrewsbury  rivers,  in  Monmouth  county. 


CHANGES   IN   FOREST   AREA. 

A  period  of  from  12  to  20  years  has  elapsed  since  the  original 
topographic  survey  of  the  State  was  made.  Since  that  surv^ey 
gave  the  area  of  forest  it  has  been  possible  to  compare  present 
conditions  with  those  of  16  years  ago.  This  comparison  shows 
that  the  amount  of  forest  which  has  been  cut  off  and  cleared  up 
for  Cultivation  in  northern  New  Jersey  is  very  insignificant,  and 
is  offset  by  the  clearings  which  have  been  abandoned  and  allowed 
to  grow  up.  Taking  the  State  as  a  whole,  there  is  nearly  as 
much  forest  to-day  as  there  was  in  i860.  In  this  connection  the 
following  data  from  the  United  States  census  are  instructive : 

Total  land  in  farms,        »85o.              i860.              1870.  1880.              1890. 

acres. 2752,946  2983,525  2,989,511  2,929.773  2,662009 

Improved     land     in 

farms 1.767  99^  1,942,281  1,978.067  2,097,719  1,999,117 

These  figures  show  practically  no  increase  in  the  land  under 
cultivation  since  i860,  and  a  decrease  of  320,000  acres  in  unim- 
proved land  in  farms. 

Analyzing  the  changes  in  forest  area,  we  find  that  there  was 
progressive  deforestation  in  all  portions  of  the  State  up  to  i860, 
although  the  rate  was  most  rapid  from  about  1830  to  1850,  and 
ver\'  slow  in  many  counties  after  the  latter  date.  Monmouth, 
Mercer,  and  all  counties  farther  north  excepting  Sussex,  show 
stationary  forest  area  after  i860.  There  has  been  some  clearing  in 
the  Kittatinny  and  Delaware  valleys,  in  Sussex  county,  since  i860, 
amounting  to  27,000  acres,  or  about  one-fifth  of  the  forest  area. 
In  all  of  the  other  northern  counties  the  new  clearing  has  not 
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more  than  equaled  the  abandoned  clearings  which  have  grown 
up  again.  Where  there  has  been  a  considerable  loss  in  area  of 
improved  land  in  fanns  it  may  be  traced  to  growth  of  cities. 

In  all  of  the  southern  counties,  south  of  Monmouth  and  Mer- 
cer, there  has  been  steady  clearing.  These  counties  show  an 
increase  in  improved  farm  land  since  i860  amounting  to  173,000 
acres,  or  about  13  per  cent,  of  the  forest  area  has  been  cleared. 
Ocean  county  has  lost  about  4  per  cent,  of  its  forest  area,  Bur- 
lington 12  per  cent.,  Atlantic  4  percent.,  Camden  and  Gloucester 
17  per  cent.,  Salem  30  per  cent.,  Cumberland  21  per  cent.,  and 
Cape  May  13  per  cent.  This  clearing  has  been  mostly  on  the 
clay  and  marl  belt,  and  the  western  border  of  the  pines,  extend- 
ing well  into  the  pine  region  in  Cumberland,  and  about  Vine- 
land,  Hammonton  and  Egg  Harbor  City. 

The  decrease  in  unimproved  land  in  farms  is  explained  by 
some  of  this  clearing-up  of  land  in  southern  counties,  but  also 
to  a  considerable  extent  by  the  abandonment  of  unproductive 
farms  containing  a  large  proportion  of  unimproved  land,  which 
is  evidenced  in  the  pines  in  Ocean,  Burlington  and  Atlantic 
counties  and  also  in  the  extreme  north,  in  the  hilly  portion  of 
the  State. 

CHANGES   IN   PHYSICAL   CONDITION. 

Although  the  area  of  forest  has  not  sensibly  diminished  in 
northern  New  Jersey,  and  has  decreased  only  about  13  per  cent, 
in  the  southern  counties  since  i860,  it  may  be  thought  that  the 
proportion  of  brush,  stump  land  and  small  timber  is  considerably 
greater  now  than  at  the  middle  of  the  century.  We  have  inves- 
tigated this  question  with  some  care.  So  far  as  may  be  deter- 
mined from  extended  personal  observation,  the  deciduous  timber 
of  the  State  has  generally  increased  in  size  and  improved  in 
quality  since  the  period  of  the  topographic  survey,  from  1880  to 
1886. 

In  the  Highlands  and  Kittatinny  valley  regions  there  has 
been  no  severe  cutting  during  the  last  fifteen  years.  Consider- 
ably less  timber  has  been  cut  than  during  the  previous  fifteen 
years.  A  considerable  amount  of  timber  was  formerly  cut  at  an 
age  of  from  20  to  25  years,  or  even  less,  for  charcoal,  cordwood, 
hoop-poles,  etc.      The  profit  in  this  has  grown  less  and   the 
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owners  are  more  alive  to  the  greater  returns  to  be  had  from  a 
larger  growth.  Chestnut  can  be  most  profitably  cut  at  from  35 
to  40  years  old.  If  left  standing  longer,  the  coppice  wood  is  said 
to  sometimes  decay  at  the  heart.  It  is  maintained  that  a  growth 
of  this  age  will  yield  as  much  wood  per  acre  as  the  original 
forest.  Oak  can  be  profitably  left  until  50  to  60  years  old. 
The  growth  of  all  the  deciduous  timber  is  most  rapid  before 
reaching  40  years,  and  if  it  is  merely  a  question  of  the  amount 
of  wood,  no  doubt  the  largest  yearly  returns  come  from  cutting 
at  40  years,  but  the  larger  timber  is  suited  for  more  valuable 
uses  and  will  bring  more  money  per  cubic  foot.  Thus  100  tele- 
graph poles  from  an  acre  of  timber  35  years  old  may  be  worth 
$400,  while  if  left  until  50  years  old  they  might  easily  be  worth 
$800  to  $1,000.  For  railroad  ties  there  is  little  advantage  gained 
after  40  years  is  reached.  But  there  is  now  much  timber  on  the 
Highlands  and  Kittatinny  mountain  upwards  of  40  years  old, 
and  a  very  large  proportion  ranges  from  40  to  50  years  of  age. 

We  have  the  testimony  of  many  experienced  men  in  this 
region  that  the  forests  are  to-day  in  much  better  condition  than 
they  were  from  1850  to  i860.  This  is  borne  out  by  the  com- 
parative scarcity  of  trees  over  50  years  old  and  the  abundance  of 
those  40  years  old.  We  may  confidently  place  the  period  of 
maximum  deforestation  at  about  1850.  We  are  told  that  about 
this  time  large  areas  of  the  Highlands  presented  a  perfectly  bare 
appearance.  The  cause  was  partly  the  large  use  of  charcoal  by 
the  forges  and  furnaces  then  scattered  all  over  northern  New 
Jersey,  and  partly  the  fact  that  anthracite  coal  was  not  yet  in 
general  use,  and  the  use  of  wood  and  charcoal  for  domestic  fuel, 
and  by  the  railroads  and  manufacturing  establishments^  was 
general.  Moreover,  although  the  population  of  New  York, 
Philadelphia  and  the  cities  of  New  Jersey  was  much  less  than 
now,  these  cities  \vere  more  dependent  upon  the  near-by  fuel 
and  timber-supplies  than  at  present,  as  facilities  for  transporta- 
tion were  very  inferior. 

As  for  the  use  in  iron-making  we  find  that  about  1855  it  is 
estimated  that  100,000  tons  of  ore  were  used.  A  fair  estimate 
for  the  larger  furnaces  is  65  bushels  of  charcoal  to  one  ton  of 
ore.  No  doubt  the  small  forges  used  more  than  this,  but  even 
at  this  rate  6,500,000  bushels  would  l)e  required,  which  would 


REPORT  ON  FORESTS.  21 

mean  that  fully  6,500  acres  of  timber,  or  six  square  miles,  must 
be  cut  annually  for  use  in  the  iron  industry  alone.  This  demand 
began  to  disappear  in  1850,  owing  to  the  introduction  of  anthra- 
cite blast-furnaces,  although  some  forges  continued  in  operation 
15  years  later,  and  a  very  few  up  to  1880.* 

Add  to  this  large  use  the  fact  that  the  larger  timber  was  being 
steadily  cut  off  for  sawed  lumber,  that  much  charcoal  was  used 
for  domestic  and  other  purposes,  and  the  other  demands  which 
we  have  noted,  it  is  easily  seen  how  severe  was  the  cutting  of 
Highlands  forests,  when  the  charcoal  iron  industry  was  most 
active,  at  about  1850. 

Since  that  time  the  cutting  of  ver>'  young  timber,  such  as  is 
suitable  only  for  charcoal,  cordwood  or  hoop-poles,  has  become 
less  and  less  profitable.  It  must  now  be  allowed  to  attain  an 
age  of  35  to  40  years  at  least,  so  as  to  be  useful  for  railroad  ties 
or  telegraph  and  telephone  poles. 

Some  portions  of  the  Highlands  have  been  cut  over  so  fre- 
quently that  there  is  evidence  that  the  chestnut  timber  is  suffer- 
ing from  the  need  of  re-planting.  Coppice  wood  will  gradually 
deteriorate,  and  in  some  places  it  is  said  to  rot  at  the  heart  at  an 
early  age.  Some  of  the  complaints  may  indicate  that  the  soil  is 
becoming  exhausted,  for  there  is  no  reason  to  expect  that  soil 
can  produce  repeated  growths  of  timber  without  being  deprived 
of  its  fertility.  The  production  of  one  cord  of  wood  yearly,  con- 
taining about  one  and  one-half  tons  of  dry  solid  matter,  together 
with  the  leaf  crop  of  the  trees,  is  certainly  as  great  a  tax  upon 
the  acre  of  land  as  is  the  production  of  the  average  one  and  one- 
half  tons  of  hay  or  other  farm  crops.  There  are  also  instances 
noted  where  a  growth  rff  oak  cut  off  has  failed  to  reproduce 
itself,  but  red  cedar  has  come  up  instead.  But  these  evidences 
of  deterioration  are  exceptional,  and  generally  confined  to  dis- 
tricts which  have  been  most  frequently  cut  in  the  past.  In  gen- 
eral the  forests  of  the  Highlands  and  Kittatinny  valley,  although 
they  contain  little  timber  over  50  years  old,  may  be  pronounced 
luxuriant  and  in  better  condition  than  they  were  40  to  50 
years  ago. 

In  the  red  sandstone  country  there  is  likewise  no  evidence  of 
deterioration,  and  the  same  may  be  said  of  the  clay  and  marl 
region.     The  forests  here  consist  almost  exclusively  of  small 

*  For  a  list  of  forges  and  charcoal  furnaces  see  Annual  Report  of  the  State  Geologist,  1879. 
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parcels  attached  to  farms.  They  are  utilized  mainly  in  connec- 
tion with  the  farms,  furnishing  fuel,  fencing  and  an  occasional 
stick  of  timber.  Ten  acres  of  forest  so  utilized  is  a  most  valu- 
able asset  on  a  farm  of  one  hundred  and  fifty  acres.  From 
appearances  the  14  or  15  acres  per  100  acres  of  upland  in  these 
regions  have  more  than  sufficed  for  the  farmers'  need,  and  the 
forest  has  gone  on  increasing  until  these  farm-parcels  contain 
some  of  the  best  timber  in  the  State.  This  is  especially  true  of 
the  red  sandstone  in  Middlesex,  Somerset,  Hunterdon  and 
Mercer  counties.  When  it  becomes  so  large  and  valuable  that 
the  lumberman's  offer  is  too  tempting,  the  steam  saw-mill  does 
its  work  and  the  timber  is  cut  off".  This  is  to  be  expected. 
These  proprietors  know  the  value  of  and  appreciate  the  beauties 
of  their  woodlands,  but  it  is  good  business  with  them  to  utilize 
and  convert  into  money  all  the  products  of  their  lands.  So 
when  the  forest  crop  is  ripe  it  is  gathered,  the  entire  piece  then 
being  cut  off".  Some  of  the  timber  on  the  trap  ridges  is  small  and 
poor  in  quality,  but  the  soil  there  is  poor  and  there  is  little  evi- 
dence that  the  timber  is  anywise  inferior  to  that  of  50  years  ago. 

In  the  pines  the  forest  may  have  deteriorated  because  of  forest 
fires.  There  is  evidence  that  these  fires  have  occurred  from  the 
very  discovery  of  the  country,  but  it  is  natural  to  suppose  that 
the  introduction  of  many  miles  of  railroad,  and  of  an  increasing 
population,  into  this  district  have  increased  the  number  of  forest 
fires  considerably.  Some  deterioration  may,  therefore,  be  con- 
ceded, but  there  is  not  much  proof  that  it  has  been  such  as  to 
cause  radical  changes  in  the  character  of  the  forest.  We  have 
less  data  of  the  former  condition  of  this  timber  than  for  the 
deciduous  forests.  There  were  some  25  forges  and  furnaces  in 
this  region  in  1850,  together  with  a  large  number  of  saw-mills, 
now  abandoned,  and  these  must  have  made  some  inroads  into 
the  forest. 

As  tending  to  corroborate  the  decreased  cutting  of  timber  over 
the  State  in  general,  it  is  interesting  to  note  that,  during  a 
canvass  of  the  water-powers  of  the  State,  made  about  1892,  for 
the  Report  on  Water-Supply,  we  found  75  abandoned  saw-mill 
sites,  to  which  must  be  added  several  sites  originally  used  for 
saw-mills,  but  now  utilized  for  other  manufacturing,  and  also  a 
numl)er  of  sites  known  to  have  once  been  occupied  of  which  no 
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trace  now  exists.     Certainly  over  icx)  water-powers  once  utilized 
for  sawing  lumber  are  no  longer  in  use  for  that  purpose. 

.  Reviewing  all  of  the  evidence  which  we  have  collected,  there- 
fore, we  state  with  confidence  that  there  was  progressive  cutting 
and  clearing-up  of  the  original  forest  all  over  the  State,  from  its 
settlement  until  i860,  but  that  at  the  latter  date  ver\^  little 
original  forest  remained.  This  cutting  was  most  severe  about 
1850,  and  from  1850  to  i860  was  the  period  of  maximum  deforesta- 
tion. The  forest  was  then  younger  and  smaller,  with  a  larger 
proportion  of  stump  and  brush  land  than  has  prevailed  at  any 
time  since.  The  cutting  of  very  young  growth  has  decreased  to 
a  marked  extent  in  recent  years,  and  the  average  size  and  age  of 
the  forest  has  increased.  At  present  not  two  per  cent,  of  the 
forest  is  cut  annually,  so  that  at  the  present  rate  of  cutting  all  of 
the  forest  may  attain  an  age  of  fifty  years. 


VALUE  OF   FOREST  PRODUCT. 

It  is  not  easy  to  arrive  at  an  accurate  valuation  of  the  forest 
product  of  the  State.  Much  of  the  product  is  used  directly  on 
the  farms  where  it  is  cut,  as  fuel  or  for  fencing ;  there  is  also  a 
ready  sale  for  railroad  ties,  telegraph  and  telephone  poles,  piling, 
etc.,  in  all  parts  of  the  State,  and  these  products  do  not  go  to  the 
mill,  but  usually  quite  direct  from  the  owner  or  lumberman  to 
the  consumer. 

We  estimate  that  the  consumption  for  domestic  fuel  at  present 
is  752,000  cords,  and  for  fuel  in  glass-works  and  brick-kilns,  etc., 
45,000  cords,  or  about  800,000  cords  consumed  as  fuel.  There  is 
a  rule  commonly  accepted  among  the  forest  owners  that  the 
forest  will  produce  one  cord  of  wood  for  each  year  that  it  has 
been  growing.  This  seems  a  fairly  accurate  average  for  the 
deciduous  forest  from  30  to  50  years  old,  but  too  high  for  the 
pines.  Adopting  this  figure,  the  above  fuel-consumption  will 
absorb  the  yearly  product  of  800,000  acres  of  forest.  It  may  be 
estimated  to  be  worth  $400,000  on  the  stump  and  $2,400,000  in 
the  market  at  the  point  of  consumption. 

The  Report  on  Water-Supply,  1894,  gave  261  saw-mills  and 
wood-working  establishments  run  by  water-power,  using  4,085 
net  horse-power.     It  will  be  seen  that  these  are  small  establish- 
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ments,  using  an  average  of  only  15.6  horse-power  each,  but  they 
all  contribute  to  the  lumber  product.  The  most  eflfective  work 
is  now  done,  however,  by  the  portable  steam  saw-mill  set  up  in 
the  woods.  The  entire  lumber  product,  from  logs  and  bolts,  was 
valued  in  1890  at  $1,215,524,  and  the  raw  material  used  at  these 
mills  at  $692,537.  Some  of  this  undoubtedly  came  from  other 
States  to  the  mills  along  the  Delaware. 

The  steam  railroads  and  trolley-roads  of  the  State  use  fully 
1,250,000  ties  annually  in  new  construction  and  renewals.  At 
50  cents  each,  this  affords  a  market  for  $625,000  worth  of  forest 
product,  but  by  no  means  all  of  these  ties  come  from  the  forests 
of  this  State,  many  being  brought  from  other  States.  A  growth 
of  oak  and  chestnut  from  35  to  40  years  old  should  produce  from 
250  to  500  ties  per  acre.  Taking  375  ties  as  the  average,  there 
will  be  a  value  of  $187.50,  to  which  must  be  added  about  15 
cords  of  wood,  worth  $45,  or  $220.50  per  acre  in  all,  for  the 
product  delivered  to  the  consumer.  From  this  must  be  deducted 
the  cost  of  cutting,  hewing  and  hauling,  together  with  freight 
on  the  cordwood. 

The  consumption  of  telegraph,  telephone  and  trolley-poles 
within  the  State  may  be  estimated  at  14,000  poles  annually, 
worth  from  $2  to  $10  each,  and  probably  averaging  $4,  or 
$56,000  in  all,  besides  a  large  market  in  adjacent  towns. 

There  is  also  a  steady  demand  for  piling  about  the  docks  and 
wharves.  The  railroad  ties,  telegraph,  telephone  and  trolley 
poles  and  piles  are  readily  marketable,  and  require  no  manufac- 
ture save  some  little  hewing  and  trimming  with  the  axe  in  the 
forest. 

The  market  afforded  within  the  State  for  the  manufactured 
forest-product  is  therefore  made  up  about  as  follows: 

Value 

Logs  and  bolts  at  mill, $692,537 

Railroad  ties, 625,000 

Telegraph,  telephone  and  trolley  poles  and  piling,  100,000 
Fuel  for  domestic  consumption  and  brick  and  tile  manufac- 
ture,                                              2,400,000 

Fencing,  not  including  sawed  lumber 365  000 

Total, $4  182,537 

Some  of  the  above  comes  from  other  States,  as  we  have 
remarked,  but  there  are  other  products,  such  as  charcoal,  which 
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we  have  omitted  and  cannot  well  estimate.  Op  the  whole  the 
forest  product,  not  including  manufactured  material,  may  be 
taken  to  be  worth  neariy  $4,000,000  annually. 

Assuming  all  of  the  above  to  be  cut  from  timber  50  years  old, 
yielding  40  cords  per  acre,  or  5,000  feet  B.  M.  of  merchantable 
lumber,  about  30,000  acres  would  need  to  be  cut  annually,  and 
1,500,000  acres  would  keep  up  the  supply.  The  results  of  our 
surveys  indicate  that,  taking  the  State  as  a  whole,  the  timber  is 
not  being  cut  at  a  more  rapid  rate  than  this.  The  owners  are 
finding  it  more  profitable  to  allow  the  timber  to  attain  an  age  of 
from  35  to  50  years  than  to  cut  it  younger. 


VALUE  OF   STANDING  TIMBER. 

Careful  inquiry  as  to  the  value  of  standing  timber  of  various 
ages  has  been  made.  The  variation  is  rather  wide,  according  to 
the  character  of  the  growth  and  its  accessibility  to  market.  In 
the  Kittatinny  valley  and  Highlands  the  value  of  stump  land, 
where  land  is  valuable  only  for  forest,  ranges  from  $1  to  $5  per 
acre ;  timber  30  years  old,  from  $10  to  $30 ;  50  years  old,  from 
$25  to  $50,  with  instances  of  exceptionally  good  or  well-located 
timber  selling  as  high  as  $100.  Timber  classed  as  heavy, 
usually  upwards  of  60  years  old,  ranges  from  $60  to  $100,  but  is 
scarce  in  the  Highlands,  where  very  little  timber  exceeds  50 
years  in  age.  A  fair  average  value  for  all  forest  in  this  legion 
is  $25  per  acre.  In  the  red  sandstone  and  Cretaceous  regions 
the  value  of  good  land  for  farming  or  other  purposes  is  often 
considerable,  and  it  is  difficult  to  determine  the  value  of  the 
timber  apart  from  the  land,  but  it  averages  older  and  heavier 
than  that  of  the  Highlands,  and  even  for  the  same  age  is  more 
valuable.  Timber  30  years  old  may  be  taken  to  be  worth  from 
$25  to  $50  per  acre,  while  that  classed  as  heavy  ranges  from  $50 
to  $150  per  acre.  Perhaps  the  average  value  of  all  forest  in 
these  regions  may  be  taken  to  be  $40  per  acre  on  the  red 
sandstone  and  $35  for  the  clay  and  marl  region. 

In  the  Pines  a  number  of  answers  to  inquiries  give  the  value 
of  stump  or  brush  land  at  from  10  cents  to  $5  per  acre  where  it 
is  valuable  only  as  forest.  Its  value  over  a  large  part  of  the 
district  is  purely  nominal.     A  growth  of  pine  30  years  old  is 
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valued  from  $5  to  $25  per  acre.  Mr.  Pinchot,  in  his  interest:! 
valuation  surveys  appended  to  this  report,  gives  the  amount  : 
cord  wood  on  some  sample  plats  near  Whitings.  This  timle 
had  not  been  injured  by  fires  and  was  a  second  grcwth  of  pine-] 
from  35  to  40  years  old.  One  plat  gave  13  cords  per  acre  2 
another  7  cords,  there  being  practically  no  merchantable  timbc: 
At  50  cents  per  cord  this  corresponds  to  a  value  of  from  S5.V 
to  $6.50  on  the  stump.  Forest  which  has  been  fired  is  wcc 
much  less,  and  it  would  seem  that  a  value  of  $25  for  pine  ;■: 
years  old  is  rather  exceptional. 

The  value  of  pine  50  years  old,  as  returned  by  correspondenti 
ranges  from  Sio  to  $100  per  acre.  Referring  again  to  ilr.  Pi> 
chot's  returns  for  old  forest,  the  average  of  12  acres  at  Winsioi 
we  estimate  to  be  worth  $46  per  acre  on  the  stump,  and  tbt 
average  of  5  acres  at  New  Listen  $30.50  per  acre.  Both  r 
these  are  exceptionally  good  timber,  and  have  not  been  injur?: 
by  fire.  A  second  growth  of  pine  at  Whitings,  50  to  60  year? 
old,  is,  on  the  basis  of  Mr.  Pinchot \s  returns,  worth  S16  per  acrt 
This,  also,  has  not  suffered  from  fire. 

It  would  seem,  therefore,  that,  exclusive  of  the  value  of  ifct 
land,  the  best  of  the  pine  forest  ranges  in  value  from  S16  toSj: 
for  an  age  of  50  years  upward.     And  the  range  is  from  these 
figures  down  to  nothing,  with  much  the  larger  p>art  of  the  are 
worth  less  than  Sio  per  acre.    For  the  entire  area  the  pine  fores 
will  not  average  alx)ve  Sio  j^er  acre,  land  and  timber  includti 
Of  course,  in  certain  localities  this  pine  forest  is  worth  more  ir. 
other  purposes  than  for  forest  product.     This  is  especiallv  imt 
of  portions  which  have  a  reputation  as  winter  resorts,  and  is 
time  a  considerable  value  may  attach  to  much  of  this  laud  fcT 
such  purix)ses. 

Cedar  swamp  is  valued  as  follows:  Stump  land,  $5  to  Sio: 
35  years'  growth.  Si 5  to  S200;  50  years'  growth,  S75  to  Sicc*; 
location  and  thriftiness  both  affecting  the  value  so  as  to  caus 
wide  ranges.  Heav\'  cedar  swamp  has  been  known  to  sell  i 
high  as  5800  per  acre.  We  estimate  the  average  vahie  of  al' 
cedar  swamp  in  the  State  at  alx)ut  590  per  acre,  although  thL 
valuation  is  tentative  and  somewhat  uncertain. 

Nearly  all  of  the  streams  of  the  pine  belt  are  fringed  wi:: 
cedar  swamp,  in  belts  varying  from  a  few  yards  to  miles  in  width 
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^  The  entire  area  of  cedar  swamp  is  52,500  acres,  and  there  is 
*  besides  85,100  acres  of  pine  and  deciduous  swamp  which  contains 
some  cedar. 

The  following  estimate  of  the  total  value  of  the  forest  of  the 
;^  State  is  necessarily  an  approximation  only,  but  may  be  useful  as 
a  guide,  and  is  believed  to  fairly  indicate  the  value  of  timber 
and  land  taken  together : 

Kittatinny  mountain  and  valley  and  the  Highlands ;  398,000 

acres  @  $25,        $9,950,000 

Red  sandstone  region  ;  194,800  acres  @  $40 7,792,000 

Clay  and  marl  region  ;  147,840  acres  ®  $35, 5,174,400 

Pine  forest ;  1,191,579  acres  @  $10,      11,915.790 

Cedar  swamp  ;  52,500  acres  @  $90, 4,725,000 

Pine  and  deciduous  swamp,   containing  some  cedar;  85,100 

acres  @  $20, i  702,000 

Total $41,259,190 


The  average  value  for  the  whole  forest,  according  to  this  esti- 
mate, is  $20.60  per  acre.  In  1890  the  census  valuation  for  8,355 
acres  of  merchantable  timber  cut  off  and  returned  by  the  mills 
to  census  enumerators  was  $5.60  per  thousand  feet,  board 
measure,  on  the  stump,  and  the  yield  was  4,986  feet,  board  meas- 
ure, of  merchantable  lumber  per  acre,  giving  a  value  per  acre,  on 
the  stump,  of  $27.92  for  the  merchantable  lumber.  If  we  add 
for  the  value  of  cordwood  and  other  products,  this  will  give 
probably  above  $45  per  acre  as  the  value,  on  the  stump,  of  this 
timber.  If  we  add  for  the  value  of  the  land,  it  will  bring  it  to 
about  $55  per  acre.  This  was  probably  all  upwards  of  50  years 
old,  and  the  value  thus  determined  accords  sufficiently  with  our 
estimates. 

The  above  valuation  may  be  compared  with  that  of  the  im- 
proved land  of  the  State,  of  almost  exactly  equal  area,  as  follows  : 
The  2,662,009  acres  of  land  in  farms  was  valued  by  the  census 
of  1890  at  $159,262,840.  If  we  allow  for  the  662,882  acres  of 
imimproved  land  included  in  farms,  $30  per  acre,  we  have 
$19,886,460.  Deducting  this  from  the  total  value  of  land  in 
farms,  as  above,  we  have  for  the  improved  land,  including  fences 
and  buildings,  $139,376,380,  so  that  the  value  per  acre  is  $70 
against  $20.60  for  the  forest. 
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The  1,999,117  acres  of  improved  land  yielded,  in  1889,  pro- 
ducts valued  at  $28,997,349,  while  the  2,069,819  acres  of  forest 
certainly  did  not  yield  over  one-seventh  of  this,  but  the  expendi- 
ture for  labor,  fertilizers,  tools,  buildings,  fences,  etc.,  was  also 
much  greater  for  the  improved  land.  Nevertheless  the  dis- 
crepancy in  output  and  value  remains  suflScient  to  make  it 
reasonably  certain  that  all  land,  suitable  for  cultivation,  will  be 
eventually  cleared  up,  and  there  will  be  a  still  further  reduction 
of  forest  area  in  southern  New  Jersey. 


RANGE   IN  SIZES  OF  STANDING  TIMBER. 

A  detailed  examination  of  northeastern  Highlands  forests 
shows  that  sizes  above  24  inches  in  diameter  and  60  feet  in 
height  are  rare,  although  the  trees  of  a  ver>^  few  tracts  of  timber 
range  up  to  30  and  35  inches  in  diameter.  The  timber  generally 
ranges  from  6  up  to  12  or  14  inches;  there  is  comparatively 
little  stump  or  brush  land  on  the  Highlands  west  of  Green  Pond 
and  Bearfort  moimtains.  East  of  those  mountains,  especially 
along  the  lower  Pequannock  and  the  lower  Wanaque  rivers,  the 
timber  has  been  more  frequently  cut,  and  consequently  the 
younger  growth  and  brush  are  more  prevalent. 

On  the  southwestern  Highlands  the  forests  are  in  small  wood- 
lots  attached  to  farms,  and  also  usually  cover  the  slopes  which 
are  too  steep  for  cultivation.  The  sizes  here  also  range  up  to  24 
inches  diameter  and  60  feet  high,  but  there  are  a  few  larger  trees. 

The  larger  sizes  have  been  cut  out  to  a  great  extent,  and  the 
ordinary  range  is  from  6  to  16  inches  in  diameter  and  from  30 
to  45  feet  in  height. 

The  timber  of  Passaic  valley  does  not  differ  materially  from 
that  of  the  Highlands  in  size.  That  of  the  Watchung  moun- 
tains is  smaller,  very  little  exceeding  12  inches  in  diameter,  and 
southwest  of  Summit  there  is  a  large  proportion  under  6  inches 
in  diameter. 

On  the  red  sandstone,  in  Bergen  county,  more  than  half  the 
forest  area  is  made  up  of  timber  exceeding  6  inches  in  diameter, 
and  on  Palisades  moimtain  fully  three-quarters.  In  general  it 
ranges  up  to  30  inches  diameter  and  80  feet  in  height,  and  trees 
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of  this  last  size  are  quite  as  common  as  those  of  24  inches  in 
diameter  and  60  feet  in  height  in  the  Highlands. 

In  Union  county,  trees  24  inches  in  diameter  are  about  the 
largest  in  the  forest.  Further  southwest,  all  over  the  red  sand- 
stone district  of  Middlesex,  Somerset,  Hunterdon  and  Mercer 
counties,  timber  ranging  up  to  36  inches  in  diameter  is  met  with 
and  sometimes  this  is  exceeded,  48  inches  being  occasionally 
reached.  Generally  36  inches  is  fully  as  frequent  in  proportion 
to  the  amount  of  forest  acreage  as  is  24  inches  in  the  Highlands. 

The  clay  and  marl  district  produces  as  large  trees  as  the  red 
sandstone,  but,  taken  as  a  whole,  the  latter  will  show  a  larger 
average  yield  per  acre  in  standing  timber. 

In  the  Pines  the  range  is  from  the  low  brush  of  the  "  Plains," 
a  view  of  which  accompanies  this  report,  up  to  the  heaviest 
pine,  ranging  from  8  to  18  inches  in  diameter  and  about  70  feet 
high,  and  this  original  pine  may  be  accompained  by  deciduous 
trees  up  to  22  inches  diameter.  Timber  as  large  as  this  is  not 
usual,  however,  and  ordinarily  second-growth  pine  does  not 
much  exceed  10  inches  in  diameter.  Owing  to  the  ravages  of 
fires  and  other  causes  a  very  large  proportion  of  the  timber  is 
small,  stunted  and  of  little  value,  particularly  so  as  the  common 
pine,  at  its  best,  is  not  a  valuable  timber. 

In  the  cedar  swamps  the  range  is  up  to  about  15  or  16  inches 
in  diameter  and  70  feet  high,  but  a  diameter  of  12  inches  is  not 
often  exceeded  by  any  considerable  number  of  trees  at  the 
present  date. 

The  above  notes  have  no  reference  to  exceptionally  large 
trees,  but  describe  the  ordinar>^  run  of  timber  in  the  forest. 


LARGE    TREES. 

During  our  surveys,  many  trees  large  enough  to  attract  atten- 
tion during  an  ordinary  inspection  of  the  forest  were  noted. 
These  notes  were  not  exhaustive,  nor  was  a  special  search  made 
for  large  trees,  but  a  list  of  them  will  afford  an  idea  of  the  size 
of  the  larger  trees  of  the  State.  In  the  Highlands,  the  large 
trees  were  confined  almost  entirely  to  the  valleys. 
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Chestnuts, 


Diameter, 

Locality.  in  inches. 

Jenny  Jump  Mountain,    ....  32 

....  60 

Kishpaugh  Mine 36 

Vernon, 42  to  60 

Roseville  (Sussex  Co.),    ....  31 

West  Milford, 42 

42 

36 

Midvale, 54 

Camp  Gaw, 66 

66 

62 

Wortendyke, 48 

Ramseys, 60 

60 

62 

Saddle  River, -  .  60 

60 

Ridgewood, 60 

Haworth, 84 

78 

Arcole 76 

Overton, 76 

Oradell      63 

Paterson, 36 

60 

Palisades  Mountain 30 

Bonhamtown 54  x  90 

Stelton, 36 

Finderne 30 

Princeton, 33 

36 


Height, 
in  feet. 


40  to  60 

•         • 

40 
60 

50 

50 
60 

50 
60 

65 
50 

45 
60 


55 
60 

60 
80 

50 
60 

40 

55 

55 


Remarks. 

93  years  old 

70  years  old. 

100  years  old. 

4  trees. 
63  years  old. 


f  Several   about  this 
C  size. 


Several  this  size. 
f  Four  chestnuts  about 
\  this  size. 

Near  Cedar  Grove,  on 
trap. 


{ 
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Oaks, 

Diameter, 

Locality.  inches. 

Pochuck  Mountain, 48 

36 

Vernon, 42 

30 

Stockholm, 30 

Milton,  36 

Upper  Longwood, 60 

Berkshire  Valley, 31 

West  Milford, 42 

42 

'•         54 

Etna  (Bergen  county), 46 

Tea  Neck, 40 

40 

Hillsdale,      28 

New  Dover  (Middlesex  county),   .   .  48  x  60 

Stelton>,      36 

Bonhamtown 54x66 

Findeme, 52 

66 

Franklin  Park,       52 

Trenton  (near  Asylum), 48 

Lawrenceville, 54x66 

51 

Ewingville, 36 

72 

North  Branch, 28 

Burnt  Mills, 36 

Readington, 30 

Fleming^on, 60 

36 

Wickecheoke  creek 36 

Musconetcong  mountain, 30 

Pohatcong  mountain,         31 

Win  slow  (Camden  county),    ....  26 

««  »«  '«  o-r 

.     ■     •     ■  A  J 

«t  <<  ««  9, 

....  ^*f 

New  Lisbon  (Burlington  county),  .  30 

.  19 

ti  t(  li  . 

.  1- ' 


Height, 
feet. 

60 

60 

50 
60 

45 
40 

'60 

•      • 

40 

45 
70 

60 


70 

50 

60 
60 

55 
50 

65 


70 
55 


70 
50 


Remarks. 


98  years  old. 


( Several  in  forest 
(     about  this  size, 
f  Spread  of  branches 
(     about  75  feet. 
( Several    about    this 
(     size. 


Spread  of  90  feet. 

Several    about    this 
size. 

Spread,  60  feet. 


1 


f  Several    about    this 
C     size. 

250  years  old. 

Several  this  size. 

190  years  old 

Spread,  50  feet. 
( Several    about    this 
I     size 

104  years  old. 
100  years  old. 
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Miscellaneous, 


Locality. 

Pochuck  mounta 
McAfee,  . 


( t 


( t 


Vernon, 


<i 


tt 


Oak  Ridge, 
West  Milford, 


<< 


«< 

<  t 


Wanaque,   .   . 
Wyckoff,     .   . 
Hohokus,    .   . 
Piscataway,    . 
Hillsboro, 
Moore's  Station 
Somerset,     ,   . 
Oak  Grove, 
Winslow, 
New  Lisbon,  . 


In  Dismal  Swa 


n, 


Kind. 

Maple,  .   .   . 


Black  walnut 
Maple,  .   .   . 


t( 


Black  walnut 
Maple,  .   .   . 


<  i 

( < 


•   •   • 


Elm, .  .   .   , 
Hemlock,     . 


t« 


Pine, .... 
White  wood, 
Elm,  .... 
Maple,  .  .  . 
Wild  cherry, 
Beech,  .  . 
Hickory, 


« ( 


Pine. 


it 


Diameter, 
inches. 

36 
30 
30 
36 
48 

48 
36 
36 
42 
■48 
30 
30 
36 

30 
36 

50 

42 

52 

36 
42 

38 
22 
22 


Height, 
feet. 

70 

50 

50 

50 
60 

50 

50 

50 
80 

70 

75 
60 

60 

50 
80 

80 

50 

50 
40 

70 


Remarks. 


Spread,  100  feet. 


Spread.  75  feet. 
Spread.  40  feet. 
300  years  old. 


inp,  near  Metuchen,  are  trees  which  will  square 
6  inches  60  feet  from  the  ground,  and  a  white  oak  recently  cut 
measured  8  inches  in  diameter  75  feet  from  the  ground,  and 
another  16  inches  in  diameter  56  feet  from  the  ground,  and  a 
hickory  6  inches  in  diameter  70  feet  from  the  ground.  A  tree 
cut  at  Burnt  Mills,  on  the  North  Branch  of  the  Raritan,  yielded 
1,066  feet,  board  measure,  of  lumber. 


RELATIVE   PRODUCTIVENESS   OF   TOPOGRAPHIC   DIVISIONS. 

These  notes  are  roughly  an  indication  of  the  capability  of 
New  Jersey\s  soils  for  timber  production.  So  far  as  may  be 
judged  from  our  notes  and  observations,  the  best  soils  of  all  of 
the  topographic  divisions  of  the  State  will  produce  heavy  timber, 
but  there  is  a  difference  in  the  average  productiveness  of  the 
several  sections.     The  Kittatinnv  vallev,  the  several  small  val- 
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leys  of  the  Highlands  which  are  not  too  much  covered  with  gla- 
cial detritus,  and  the  red  sandstone  plain  stand  first  in  order, 
and  the  pine  region  the  last.  Taken  as  a  whole,  the  red  sand- 
stone plain  will  average  highest,  the  clay  and  marl  region  next, 
the  Highlands  third,  and  the  Pines  fourth  and  lowest  in  produc- 
tiveness. Perhaps  original  forest  in  the  best  of  the  pines  pro- 
duced as  much  timber  per  acre  as  the  average  original  forest  in 
the  Highlands,  but  that  timber  was  of  far  less  valuable  kinds. 
Certainly  in  average  yield  per  acre  to-day  the  pine  forest  is  far 
tlie  lowest  in  the  scale,  and  even  if  fully  protected  from  fires  the 
upland  would  not  produce  as  great  a  volume  of  wood  per  acre  as 
the  Highlands  forest. 

The  census  of  1890  showed  that  from  8,355  acres  of  merchant- 
able timber  cut  in  1889  in  New  Jersey  the  average  yield  was 
4,986  feet,  board  measure,  per  acre.  The  average  yield  in  Penn- 
sylvania was  10,104  feet,  board  measure,  in  New  York  5,631  feet, 
and  for  the  South  Atlantic  States  5,413  to  8,714  feet,  board 
measure,  per  acre. 

Valuation  sur\^eys  of  eleven  pieces  of  heavy  original  forest 
scattered  all  over  the  red  sandstone  gave  a  range  of  from  5,800 
up  to  38,140  feet,  with  an  average  of  18,300  feet,  board  measure, 
per  acre,  while  similar  surveys  of  original  pine  forest  at  Winslow 
and  New  Lisbon,  made  by  Mr.  Pinchot  in  a  chapter  of  this 
Report,  give  from  3,369  up  to  10,170  feet,  with  an  average  of 
6,631  feet  per  acre.  Perhaps  at  its  best  the  pine  may  yield 
J 0,000  feet,  as  against  18,000  feet  for  the  best  of  the  red  sand- 
stone forests. 

It  is  interesting  to  note  that  the  great  pineries  of  the  Southern 
States  yield  an  average  of  5,000  feet,  board  measure,  and  the  best 
white  pine  forests  of  Minnesota  a  like  amount.  In  estimating 
the  above  yield  of  merchantable  lumber,  only  trees  above  10 
inches  in  diameter  are  taken. 

Taking  all  trees  above  6  inches  in  diameter,  the  original  red 
sandstone  forests  give  from  1,700  up  to  12,400  cubic  feet  per 
acre,  with  an  average  of  5,247  cubic  feet  per  acre,  while  the 
original  pine  forest  shows  an  average  volume  of  2,300  cubic  feet, 
the  best  giving  about  2,900  cubic  feet. 

A  very  common  practice  all  over  the  State  is  to  reckon  that 
the  forest  will  •  produce  one  cord  per  acre  for  each  year  of  its 

3   FOR 
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growth ;  or,  more  accurately  stated,  a  forest  30  years  old  will 
produce  30  cords,  and  one  cord  will  thereafter  be  added  each 
year.  Several  recorded  instances  in  Highlands  forest,  of  about 
average  quality,  gave  an  average  yield  of  eight-tenths  of  a  cord 
yearly.  Perhaps  one  cord  per  acre  is  not  too  high  for  the  aver- 
age of  all  deciduous  forest,  but  the  Highlands  forests  will  not 
exceed  eight-tenths  of  this  amount,  while  the  red  sandstone 
forests  will  exceed  it  generally  for  second-growth  timber.  Sec- 
ond-growth pine  does  not  appear  to  increase  faster  than  half  a 
cord  yearly,  even  where  it  is  protected  from  fire,  in  the  light 
sandy  soils  of  the  pine  belt. 


GROWTH   OF  TREES. 

Having  collected  a  considerable  number  of  measurements  of 
chestnuts  and  oaks,  with  some  hickories,  maples  and  other  trees, 
I  have  attempted,  in  Plate  No.  H,  to  represent  the  approximate 
curves  of  average  growth  of  deciduous  trees  in  northern  New 
Jersey.     I  have  found  no  marked  difference  in  rate  of  growth  of 
chestnut  and  oak  or  other  trees.     There  is  a  noticeable  difference 
between  the  rate  for  the  thinner  soils,  typified  by  the  Highlands 
plateaus  and  ridges,  and  the  deeper  soils  of  the  red  sandstone, 
Kittatinny  valley  and  the  valleys  of  the  Highlands.    The  growth 
is  consequently  represented  by  separate  curves  for  each.     The 
data  are  consistent  up  to  about  70  years  old,  but  beyond  that 
there  is  less  certainty,  and  the  variation  of  growth  is  large. 
Thus  a  chestnut  70  years  old  was  obser\'ed  having  a  diameter  of 
60  inches,  and  which  had  one  vear  increased  its  diameter  one 
inch.     Near  Camp  Tabor  a  number  of  trees  35  years  old  ranged 
from  24  up  to  34  inches  in  diameter,  and  from  40  to  50  feet  in 
height.     These  were  remarkable,  but  a  diameter  of  36  inches  is 
often  reached  Ix^fore  the  age  of  100  years,  while  a  hickor\'  300 
years  old  measured  but  38  inches.     The  possibilities  as  to  larger 
size  than  our  average  are  suggested  in  the  list  of  large  trees 
l)revi()usly  given.     Our  curve  of  diameters  would  not  reach  45 
inches  in  2(.x)  years,  or  60  inches  in  300  years,  yet  many  of  the 
larw  trees  exceed  these  measures,  and  it  is  not  likelv  that  manv 
of  the  trees  are  300  years  old.     Some  trees  exceeding  100  years 
of  age  measured  as  follows  :     104  years,  30  inches  ;   118  years,  25 
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inches;  125  years,  21  inches;  150  years,  20  to  27  inches;  190 
years,  30  inches ;  250  years,  28  inches,  and  300  years,  38  inches 
in  diameter.  The  curves  show  the  growth  in  diameter  to  be  at 
a  constant  rate  up  to  65  years  on  the  better  soils  and  about  40 
years  on  the  thinner  soils,  and  thereafter  it  decreases.  The  rate 
of  growth  in  height  decreases  throughout. 

It  is  instructive  to  note  the  increase  in  volume  of  a  tree  as 
shown  by  the  curves.  The  cubic  feet  of  lumber  at  various  ages 
figures  out  as  follows : 

Age.  Best  Soils.  Thin  Soils. 

20  years, 1.8  cubic  feet, 0.7  cubic  feet. 

40      "  11.4      •*       "  4-7      '* 

60     ••  31.2      *'       '*  9.2      " 

80     *'  48.0      "       "  14.7     *• 

100     •'  63.4      '*       *'  20.4 


ii        » i 


This  is  the  gain  in  volume  of  the  individual  tree.  Now  if 
there  is  a  constant  yearly  increase  in  the  yield  per  acre  from  40 
to  60  years,  such  as  would  be  called  for  by  the  ordinary  rule 
of  one  cord  per  acre  annually,  it  can  only  be  accounted  for  by 
the  crowding  out  or  dying  of  many  trees.  Thus  if  on  the  best 
soil  there  are  300  trees  per  acre  at  40  years  old,  the  total  volume 
of  wood  will  be  3,420  cubic  feet,  and  if  this  increases  propor- 
tionately with  the  age,  at  60  years  old  it  will  amount  to  5,130 
cubic  feet,  which  would  require  only  164  trees  per  acre.  On  the 
thin  soils  the  decrease  would  be  from  300  trees  at  40  years  old 
to  230  trees  at  60  years  old.  Such  a  rule  of  yield  is  therefore 
more  likely  to  hold  good  on  the  poorer  soils  than  on  the  better 
soils.  The  figures  show  how  rapid  the  gain  in  merchantable 
volume  is  from  40  to  60  years  of  age,  for  at  the  age  of  40  years 
the  trees  have  just  reached  a  merchantable  size,  and  even  if  we 
concede  that  measured  as  cord-wood  the  yield  per  acre  thereafter 
does  not  rapidly  increase,  it  is  clear  that  the  gain  in  the  more 
valuable  merchantable  volume  is  great.  If  so  large  a  number 
of  the  smaller  trees  are  crowded  out  as  is  above  suggested,  this 
is  a  strong  argument  in  favor  of  thinning-out  these  trees  from 
time  to  time  to  be  utilized  for  cordwood,  thus  leaving  the  best 
trees  room  to  grow  at  a  still  more  rapid  rate. 

The  curves  of  growth  for  short-leaf  pine  are  platted  from  a 
table  given  by  Mr.  Pinchot  on  page  49  of  his   paper  in   the 
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Appendix  to  the  Report  of  the  State  Geologist  for  1898.  These 
measurements  were  made  at  Winslow,  in  pine  which  had  been 
protected  from  fire.  It  will  be  noted  that  the  growth  in  diameter 
and  height  of  the  short-leaf  pine  is  more  uniform  than  that  of 
the  deciduous  forest,  and  is  much  slower  throughout,  while  the 
height  increases  more  slowly  in  early  life,  but  reaches  about  the 
same  or  a  greater  measurement  in  100  years.  The  rate  of 
growth  in  height  of  the  deciduous  trees,  being  rapid  at  first  and 
slower  afterward,  is  analogous  to  that  of  the  short-leaf  pine 
South,  as  given  in  Mr.  Pinchot^s  paper.  It  is  also  interesting  to 
note  that  while  the  increase  in  diameter  of  deciduous  trees  is 
much  more  rapid  than  that  of  the  short-leaf  pine  of  southern 
New  Jersey,  the  figures  given  for  trees  on  Highlands  ridges  and 
other  thin  soils  closely  approximate  the  growth  in  diameter  of 
the  southern  short-leaf  pine.  This  is  made  clear  in  the  follow- 
ing tables : 

Growth  in  Diameter,     Inches, 


Age.  Deciduous.  N.  J. 

Yean.  Best  Soil.  Thin  Soil. 

20 6.7  4.7 

30 lo.o  7.1 

40 13.4  9-3 

50 16.7  10.8 

60 20.0  12.2 

70 23.0  13.7 

80 25.0  14.9 

90 26.5  16.2 

100 28.0  17.4 


White 

Short-Leai  Pine. 

Cedar.  N.  J. 

New  Jersey. 

South. 

2.2 

2.1 

•          • 

0'7 

3.4 

7-4 

5.4 

48 

9-3 

7.1 

6.0 

II.O 

8.6 

7.2 

12.7 

9.8 

8.3 

14.5 

10.9 

9.2 

16.0 

•       • 

10.2 

16.5 

•       • 

II.O 

17.0 

Groivth  in  Height,     Feet. 


Age. 
Yeais. 


Deciduous.  N.  J. 
Best  Soil.    Thin  Soil. 


20 30 

30 40 

40 47 

50 53 

60 57 

70 59 

80 60 

90 61 

100 62 


24 
31 

3« 

44 

47 
48 

49 
50 

51 


White 
Cedar.  N.  J. 

II 

21 

32 

40.5 
48 

54.5 
60 


Pitch 
Pine.  N.J. 

16 

45 

53  5 

59-5 

635 
67.0 


Short-Leaf  Pine. 
New  Jetsey.        Sooth 

14 


24 

41 
47.5 

53 

57.5 
61.5 

64.5 


41 

51 
60 

67 

71 

75 

78 
81 
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While  the  data  for  pitch  pine  are  not  very  full,  it  is  interesting 
to  note  that  its  growth  in  height  approximates  to,  and  after  50 
years  of  age  exceeds  that  of  the  best  deciduous  forest. 

In  comparing  the  growth  of  white  cedar  we  must  bear  in  mind 
the  density.  The  above  measurements  were  made  in  timber 
numbering  upwards  of  1,000  trees  per  acre,  or  at  least  five  times 
as  many  as  the  deciduous  forest  and  twelve  times  as  many  as  in 
the  pine  forests.  Mr.  Pinchot  also  remarks  that  where  some 
cedars  stood  on  the  edge  of  a  clearing — uncrowded — they  showed 
a  rate  of  growth  in  diameter  just  double  the  average  shown  in 
the  foregoing  table,  which  would  be  well  above  the  rate  for  the 
short-leaf  pine  of  the  Southern  States  and  nearly  as  great  as  the 
rate  shown  for  deciduous  timber  on  the  best  soil. 


INFLUENCE   OF   MOISTURE. 

The  large  yield  and  rapid  growth  of  white  cedar,  which 
grows  in  very  wet  swamps — and  the  more  rapid  growth  of  short- 
leaf  pine  in  the  South,  where  the  rain-fall  is  more  abundant 
than  in  New  Jersey — leads  us  to  inquire  how  far  this  more-rapid 
growth  may  be  attributed  to  moisture.  It  would  be  interesting 
to  have  figures  for  short-leaf  pine  in  moist  localities  in  southern 
New  Jersey  for  comparison,  although  it  does  not  favor  wet  soils. 
Water  is  a  most  important  factor  in  the  growth  of  the  ordinary 
forest  tree,  as  it  is  in  all  plant-growth.  From  data  given  in  the 
**  Strasburger  Botany,".  I  estimate  that  a  thrifty  oak  forest  will> 
in  one  growing  season,  take  up  into  the  trees  a  quantity  of  water 
equal  to  16  inches  of  rain-fall,  and  other  independent  data 
enable  me  to  compute  that  a  mixed  deciduous  forest  will  take 
up  19  inches  of  rain-fall  in  a  season,  and  a  coniferous  forest  of 
an  equal  volume  will  require  even  more  water. 

Some  species  are  not  adapted  to  grow  with  their  roots  in 
standing  water,  as  the  white  cedar,  larch,  willow,  etc.,  do,  and 
it  may  be  obser\'ed  that  the  presence  or  absence  of  free  ground- 
water is  sufficient  to  detennine  the  species  in  many  cases.  The 
chestnut  thrives  best  on  the  ridges  of  the  Highlands  or  upon 
gravelly,  well-drained  soils  in  the  valleys.  It  is  abundant  and 
reaches  its  maximum  size  on  the  glacial  sands  and  gravels  of 
Bergen  county,  but  is  almost  unknown  on  the  southwestern  red 
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sandstone,  where  the  soil  is  more  compact  and  more  retentive 
of  water.  It  is  also  common  over  the  higher  gravelly  ridges  of 
the  clay  and  marl  region,  where  the  soil  is  good  but  also  well 
drained.  The  absence  of  chestnut  on  the  southwestern  red 
sandstone  may  be  partially  due  to  other  soil  condition  than 
drainage,  however,  for  the  white  oak  reaches  a  large  size  and  is 
prevalent  there,  as  well  as  in  the  portion  of  the  State  where 
chestnut  flourishes,  and  it,  too,  usually  prefers  well-drained  soil. 

The  species  which  seems  to  most  persistently  seek  dry,  barren 
soils  is  the  pitch  pine  (P.  rigida),  and  it  is  usually  accompanied 
by  scrub  oak.  They  are  found  together  along  the  rocky  crests 
of  Kittatinny  mountain  and  Bearfort,  Green  Pond  and  Copperas 
mountains,  as  well  as  all  over  the  highest  sandy  ground  of  the 
pine  region  of  southern  New  Jersey.  The  volume  of  timber 
per  acre  is  invariably  small  and  its  quality  inferior  in  these  com- 
paratively sterile  regions. 

On  the  other  hand,  some  of  the  very  wet  swamps  of  northern 
New  Jersey  are  occupied  by  the  larch  or  tamarack,  and  nearly  all 
of  those  of  southern  New  Jersey  by  the  white  cedar,  almost  to 
the  exclusion  of  all  other  species. 

The  swamp  white-oak  is  one  of  the  most  valuable  of  our  trees 
which  prefer  wet  localities.  The  pin  oak  and  hickory  grow  on 
river  bottoms  where  it  is  less  wet,  and  the  soft  maple,  birch,  wil- 
low, gum,  buttonwood  and  generally  the  softer  and  inferior 
woods  are  found  in  the  wettest  swamps.  The  size  of  the  low- 
land timber  of  northern  New  Jersey  is  almost  ever>'where  greater 
than  that  of  the  upland  forest. 

The  white  cedar,  growing  in  the  wettest  swamps,  and  the 
pitch  pine  and  short-leaf  pine  on  the  driest  uplands  of  southern 
New  Jersey,  each  seem  naturally  perfectly  adapted  to  their 
environment  and  may  perhaps  be  legitimately  compared.  The 
following  figures  are  from  Mr.  Pinchot^s  papers  already  referred 
to: 

White  Cedar, 

Age,  Diameter,  Height,  VoIobm 

Locality.  years.  inches.  teet.  en.  feet 

Whitings, 80  .            92  65  8,910 

'              79  6.9  60  7.624 

New  Gretna, 66  7.2  60  7*448 

Whitings, 62  5.4  48  5.868 

•*              49  4.6  42  5.286 
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Short-leaf  Pine, 

Winslovv, 80  8.9  65  4.483 

80  8  6  65  4,339 

55  6.6  45  30  cords. 

Pitch  Pine, 

Tuckerton 50  98  47  48  cords. 

Whitins:s 35-6o  6.6  47  34     " 

Brown's  Mills, 40  4.4  30  40     ** 

At  the  same  age  the  upland  pine  does  not  appear  to  average 
over  sixty  per  cent,  of  the  yield  in  volume  of  the  white  cedar. 
It  seems  probable  that  this  difference  is  largely  due  to  the 
abundant  supply  of  water  in  the  cedar  swamp. 


FOREST   FIRES. 

While  a  general  surv^ey  of  the  forests  of  the  State  fails  to  indi- 
cate that,  as  a  whole,  they  have  deteriorated  during  the  last 
half  centur>',  but  really  does  show  a  marked  improvement,  it  is 
none  the  less  true  that  certain  influences  have  been,  and  some 
of  them  are  still,  working  injury  to  the  forest  growth.  The 
chief  of  these  is  forest  fires,  which  cause  a  large  annual  loss  to 
the  owners  of  the  forest,  and  in  some  parts  of  the  pines  what 
appears  to  be  a  marked  and  permanent  decrease  in  productive- 
ness. 

Mr.  Pinchot,  after  a  careful  study,  estimates  that  owing  to 
fires  the  pine  forest  is  now  yielding  only  one-third  as  much 
wood  as  it  would  yield  if  protected  from  fire,  and  this  yield  is  of 
a  much  less  valuable  kind,  being  only  suitable  for  cord-wood. 
These  pine-forest  fires  sometimes  burn  over  100,000  acres  in  a 
single  season.  In  1885,  128,000  acres  were  burned  over.  These 
figures  are  sufficient  to  indicate  that  if  unchecked  the  entire 
area  would  be  burned  over  in  less  than  25  years.  But  there  are 
some  portions  of  the  forest  which  have  not  been  burned  at  all, 
and  a  considerable  portion  is  rarely  visited  by  fire.  Other  parts, 
usually  the  inferior  timber,  are  repeatedly  burned  over. 

Mr.  Pinchot  has  given  figures  which  afford  means  for  deter- 
mining the  money-return  which  would  follow  effective  protec- 
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tion  from  fire.  He  shows  that  pine  forest  icx)  to  200  years  old, 
or  say  150  years  average  age,  yields  an  average  of  6,631  board 
feet  per  acre,  which,  if  of  yellow  pine,  may  be  estimated  to  be 
worth,  as  standing  timber,  $20  per  acre.  Second-growth  seed- 
lings, 80  years  old,  yield  7,500  board  feet,  worth  about  the  same 
amount  per  acre,  the  timber  being  of  smaller  average  size,  and 
second  growth  from  40  to  60  years  old  yields  about  23  cords  p)er 
acre.  The  yearly  increment  of  value  may  therefore  be  calcu- 
lated at  25  cents  per  acre  when  the  forest  is  protected  from 
fire.  When  it  is  not  protected  at  all,  the  increment  is  so  small 
that  we  may  neglect  it.  If,  as  suggested  by  Mr.  Pinchot's 
figures,  merely  efficient  protection  from  fire  will  give  a  return 
of  25  cents  per  acre  annually  for  the  half  of  the  pine  forest 
which  now  suffers  most  severely  from  fires,  or  600,000  acres,  it 
means  an  aggregate  annual  return  of  $150,000.  It  would  there- 
fore seem  certain  that  Mr.  Gifford's  suggestions  as  to  fire  lanes 
and  some  well-considered  plan  of  fire  wardens  would  be  worth 
while,  if  we  consider  only  the  direct  money-return  from 
the  timber. 

While  the  aggregate  return  is  sufficiently  attractive  and 
promising,  however,  the  stand-point  of  the  owner,  say  of  100 
acres  of  pine  forest,  is  necessarily  different.  We  can,  at  best, 
only  hold  out  to  him  a  possible  annual  increment  of  $25  to  his 
holdings,  which  can  scarcely  be  convertible  into  cash  by  him, 
and  may  not  be  realized  by  the  next  generation  even,  while  he 
is  confronted  with  an  absolutely  certain  annual  outlay  of  $3  or 
$4  for  the  cost  of  protection,  in  addition  to  any  other  taxes  to 
which  the  property  may  be  subject.  The  apathy  of  the  present 
owner  of  the  forest  is  therefore  not  unnatural,  although  we  per- 
sonally believe  that  if  some  efficient  system  of  protection  can  be 
put  into  operation  the  forest  will  soon  profit  by  an  advance  in 
value  greater  than  that  due  to  the  wood  alone. 

There  are  other  strong  reasons  for  protecting  the  pine  forest, 
which,  while  they  may  not  appeal  strongly  to  the  individual 
forest  owner,  certainly  do  appeal  to  the  people  of  the  State  at 
large.  If  by  successive  fires  the  forest  cover  should  be  destroyed, 
this  sandy  district  will  become  a  terribly  forbidding  waste  of 
shifting  sand,  blown  hither  and  thither  by  the  var)'ing  winds. 
Something  of  this  kind  may  be  seen  already  in  many  old  clear- 
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ings,  notably  near  Manumuskin  creek,  in  Cumberland  county, 
where  the  sand  is  piled  in  great  shifting  dunes.  The  mild- 
winter  climate  of  the  region,  which  deserves  its  increasing 
popularity,  will  undoubtedly  be  most  unfavorably  affected,  for  it 
is  due  in  no  small  measure  to  the  shelter  afforded  by  the  pines 
against  the  cold  west  and  northwest  winds. 

In  the  purely  deciduous  forest,  fires  do  not  gather  serious 
headway,  and  the  timber  also  resists  fire  more  effectively.  The 
pitch  pine  and  mixed  coniferous  and  deciduous  areas  on  Kitta- 
tinny,  Bearfort,  Green  Pond  and  Copperas  Mountains,  and  in  the 
swamps  of  the  extreme  northern  Highlands,  about  Canistear 
and  Wawayanda,  suffer  considerably,  but  most  of  the  timber 
affected  is  of  small  value. 


FOREST    MANAGEMENT. 

The  coppice  chestnut  of  the  State  produces  the  best  results 
when  cut  at  an  age  of  from  40  to  50  years.  If  not  cut,  it 
deteriorates  rapidly  by  rotting  at  the  heart  or  by  becoming 
shaky.  For  railroad  ties,  telephone  and  telegraph  poles  or  fenc- 
ing, second-growth  chestnut  is  always  preferred,  as  it  is  a  firmer 
wood.  On  the  other  hand,  if  cut  too  young,  each  succeeding 
growth  becomes  weaker  and  less  valuable.  Where  it  has  been 
most  frequently  cut  some  areas  now  need  re-planting. 

When  we  consider  how  much  of  the  Highlands  forest  is  com- 
posed of  coppice  chestnut  it  becomes  immediately  apparent  that 
it  would  be  a  mistake  to  reser\^e  any  large  part  of  this  forest 
and  allow  it  to  stand  indefinitely  without  cutting.  The  result 
would  soon  be  serious  deterioration  and  most  undesirable  condi- 
tions in  the  forest  from  the  decaying  coppice  wood.  It  follows 
that  scientific  forest  management  must  of  necessity  go  hand-in- 
hand  with  any  system  of  forest  reservation  if  such  reserv^ation  is 
to  at  all  improve  upon  present  conditions. 

We  have  already  pointed  out  the  possibility  that  the  soil  may 
become  exhausted  by  continuous  cropping  with  forest  trees. 
This  possibility  must  be  taken  into  account  in  forest  manage- 
ment. The  most  serious  evils  of  present  management  seem 
to  have  resulted  from  too  frequent  cutting,  a  practice  which  has 
at  present  almost  ceased,  the  browsing  of  cattle  in  the  young 
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growth,  and  neglecting  to  thin  out  the  growing  trees  where  the 
stand  is  too  thick.  It  would  seem  to  be  almost  possible,  with 
proper  management,  to  obtain  all  the  fuel  and  other  small 
wood  needed  in  the  State  by  thinning  out  and  pruning, 
without  at  all  encroaching  upon  the  normal  yield  of  mer- 
chantable timber.  The  young  growth  nearly  always  comes 
up  much  too  thick  to  allow  the  choicest  of  the  trees  to 
attain  their  maximum  rate  of  growth  and  normal  size.  Many 
of  the  wood-lots  attached  to  the  farms  of  the  State  now  contain 
fine  stands  of  merchantable  timber  after  having  for  perhaps  a 
century  or  more  yielded  the  fuel  and  fencing  needed  on  the 
farm.  It  is  significant  in  this  connection  that  Mr.  Pinchot's 
surveys  give  a  yield  of  7,500  feet,  board  measure,  for  second- 
growth  pine  80  years  old,  and  only  6,631  board  feet  for  original 
forest  from  100  to  200  years  old.  We  have  also  much  testimony 
of  forest  owners  indicating  a  slow  gain  in  volume  of  wood  per 
acre  after  40  years  of  age  is  reached,  but  against  this  there  is 
plenty  of  evidence  of  the  rapid  growth  of  individual  trees.  If 
merchantable  lumber  is  sought,  therefore,  the  moral  would  seem 
to  be  not  to  cut  thrifty  trees  until  they  have  attained  a  diameter 
of  at  least  18  inches,  but  to  cut  out  the  larger  mature  trees,  and 
the  small,  stunted  ones  or  the  inferior  species,  thus  leaving  the 
healthful  and  valuable  trees  forty  or  fifty  years  old  room  to 
grow.  Under  these  improved  conditions  such  trees  may  easily 
more  than  double  their  volume  in  10  years,  and  quintuple  it  at 
the  age  of  80  }'ears. 

It  must  be  confessed,  however,  that  in  this  State  a  crop  of 
railroad  ties  or  telegraph  and  trolley  poles  may  be  often  cut 
when  the  timber  is  40  years  old  to  yield  a  considerably  larger 
return  per  acre,  and,  considering  the  period  of  growth,  a  ver\- 
much  larger  return  annually  than  can  be  had  by  waiting  80 
years  for  a  crop  of  merchantable  lumber.  Thus,  if  10,000  board 
feet  of  logs  per  acre  will  bring  at  the  saw-mill  $12  per  thousand, 
or  $120  in  all,  only  60  poles,  bringing  $2  each  at  the  nearest 
railroad  station,  will  yield  a  like  amount  per  acre  and  double 
the  annual  return,  and  will  much  more  surely  be  had  from  a 
forest  40  years  old  than  will  the  merchantable  logs  at  80  years. 
Indeed,  it  ought  to  ]ye  quite*  as  probable  that  the  crop  of  poles 
would  be  double  these  figures,  and  the  consequent  annual  return 
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from  the  forest  four  times  as  great  from  the  poles  as  from  the 
lumber.  Certainly,  where  chestnut  can  be  grown,  railroad  ties 
and  poles  are  a  profitable  product,  so  profitable  that  there  is  little 
prospect  of  any  serious  attempt  being  made  to  grow  merchant- 
able lumber. 


Field  Notes  of  Forest  G)nditions^ 


The  following  notes  are  the  results  of  detailed  examination  of 
the  forests  of  New  Jersey  made  during  the  progress  of  our  studies. 
For  the  purposes  of  this  examination  the  forest  was  grouped  into 
the  following  classes : 

1.  Brush  or  stump  land,  to  include  no  areas  intended  to  be 
cleared  and  cultivated. 

2.  Old  clearings  formerly  cultivated,  but  now  growing  up  to 
timber. 

3.  Young  growth,  in  which  class  was  included  all  timber  less 
than  six  inches  diameter,  the  approximate  age,  size  and  height 
being  noted. 

4.  Large  timber,  including  all  over  six  inches  in  diameter,  the 
diameter  and  height  being  noted  as  before. 

Without  attempting  any  strict  botanical  classification,  the 
varieties  of  timber  have  been  designated  as  follows : 

1.  Deciduous,  with  the  prevailing  varieties  indicated. 

2.  Coniferous,  classified  as  pine,  cedar,  hemlock,  etc. 

3.  Mixed  deciduous  and  coniferous. 

Notes  were  kept  of  the  general  character  of  scattered  growth 
over  lands  under  cultivation,  also  of  the  general  condition  of  the 
forested  areas,  and  of  any  remarkably  large  trees,  any  original  forest, 
planted  timber,  bnish  land  which  seems  incapable  of  producing 
timber,  the  succession  of  growth,  &c.  Infonnation  was  also  col- 
lected as  to  the  value  per  acre  of  stump  land,  of  twenty-years 
or  thirty  years'  growth  of  timber,  and  all  heavy  timber  of  various 
kinds.  We  also  took  the  testimony  of  reliable  persons  as  to  how 
the  amount  of  timber  now  standing  compares  with  that  of  pre- 
vious periods,  and  of  how  the  growth  on  slopes  of  hills  compares 
with  that  in  the  valleys  or  on  the  top  of  plateaus. 

(45) 
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It  will  be  noted  that  the  inquiries  were  of  the  most  practical 
kind,  and  it  is  believed  that  the  information  obtained  will  be  of 
value  in  reaching  an  understanding  of  the  actual  economic  con- 
dition of  our  forested  areas.  Thus  far  they  have  developed  the 
fact  that  there  have  been  no  important  changes,  either  in  the 
limits  of  cultivated  land  or  in  the  proportion  of  forested  and 
cultivated  areas,  since  the  topographical  surveys  were  begun  in 
1877.  There  have  been  minor  changes,  and  a  few  old  clearings 
of  small  area  have  been  allowed  to  grow  up,  the  areas  thus  added 
to  the  forests  being  just  about  offset  by  that  which  has  been 
brought  under  cultivation,  likewise  in  small  scattered  parcels. 

The  topographical  maps  showed  forested  lands  as  distinguished 
from  those  under  cultivation.  They  made  no  attempt  to  indicate 
the  varieties,  size  or  condition  of  the  timber.  There  is  ver\' 
little  land  in  the  northern  part  of  the  State  which,  if  left  uncul- 
tivated, does  not  spontaneously  produce,  in  a  few  years,  a  fairly 
good  growth  of  timber ;  consequently,  the  land  represented  as 
forest  on  the  maps,  for  which  the  surveys  were  completed  in 
1887,  ranges  from  brush  to  good  timber  of  from  forty  to  fifty 
years  growth,  and  for  the  most  part  ever\'  gradation  of  gro\\^h 
is  represented  in  due  proportion. 

Like  almost  ever\^  other  physical  feature  of  the  State,  the 
forests  may  be  classed  broadly  into  five  divisions  corresponding 
with  tl:e  geological  formations,  and  each  of  the  three  northern 
divisions  must  be  subdivided  into  glaciated  and  imglaciated  dis- 
tricts. There  is  a  marked  difference  in  the  proportion  of  forest 
area,  and  also  a  less  marked  difference  in  the  varieties  of  timber 
north  and  soutfi  of  the  terminal  moraine  line.  Consequently 
we  can  most  conveniently  consider  the  forests  by  the  several 
topographical  divisions  adopted  and  followed  in  the  *'  Physical 
Description  '^  of  the  State,  published  in  1888.  (See  also  Physical 
Geography  of  New  Jersey,  by  R.  D.  Salisbury.) 

XORTHEASTKRN    HIGHLANDS. 

First,  on  the  extreme  northwest  of  this  district  we  have 
Pochuck  mountain,  a  Highlands  region  lying  detached  from 
the  main  plateau,  like  an  island,  at  the  eastern  side  of  the  great 
Kittatinny  valley.  The  forests  of  this  region  cover  about  two- 
thirds  of  the  area,  and  consist  mainly  of  oak  and  chestnut,  with 
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a  considerable  amount  of  hemlock,  and  some  red  cedar  where 
old  clearings  have  grown  up.  A  considerable  portion  of  this 
timber  is  from  40  to  50  years  old,  and  there  are  a  number  of 
large  trees  which  we  shall  note  later  in  connection  with  the 
forests  of  the  main  plateau. 

Vernon  valley,  which  separates  Pochuck  moimtain  from  the 
main  group  of  the  Highlands,  is  a  fertile  agricultural  district, 
with  a  very  small  amount  of  forest,  but  it  has  a  goodly  supply 
of  scattering  trees  which  are  thrifty  and  often  of  large  size. 

Passing  on  to  the  southwest  we  come  to  the  Alamuche- 
Pohatcong  range,*  the  glaciated  portion  of  which  includes 
the  district  lying  between  the  Lehigh  and  Hudson  River 
railroad  on  the  west,  and  the  valleys  of  the  Walkill  and 
Lubber^s  run  on  the  east,  and  extending  from  Franklin  Furnace 
southwest  to  the  Vienna  and  Hackettstown  road.  We  find 
the  conditions  as  follows :  From  Franklin  Furnace  southwest 
to  the  line  of  the  New  York,  Susquehanna  and  Western  Rail- 
road, this  ridge  is  known  as  Pimple  Hill.  The  growth  of  wood 
is  thin,  ranging  from  2  to  8  inches  in  diameter,  and  consisting 
mainly  of  chestnut,  oak  and  red  cedar,  with  a  few  other  conif- 
erous trees  scattered  throughout  the  whole  district.  On  the 
high  hill  near  the  railroad  and  north  of  Sparta,  and  also  along 
the  ravine  southwest  of  Franklin  Funiace,  the  conifers  are 
quite  abundant.  The  growth,  however,  is  principally  chest- 
nut and  oak,  the  best  of  which  is  from  6  to  24  inches  in 
diameter,  and  30  to  55  feet  high,  a  good  proportion  of  these  trees 
being  about  12  inches  in  diameter.  Not  much  cord- wood  is  cut 
in  this  section,  but  the  best  timber  is  selected  and  taken  out 
here  and  there  as  needed.  Between  the  New  York,  Susquehanna 
and  Western  railroad  and  th-e  highway  from  Sparta  to  Pinkney- 
ville  there  are  ver\'  few  coniferous  trees,  chestnut  and  oak  being 
predominant,  and  somewhat  larger  than  on  the  Pimple  hills, 
measuring  from  9  to  16  inches  in  diameter  and  30  to  55  feet  high. 
Just  northwest  of  Sparta  there  is  a  ridge  which  has  been  entirely 
stripped  of  timber,  but  there  is  no  clearing  in  any  of  this  district 
for  fanning  purposes,  and  there  does  not  appear  to  be  much 
cleared  land  lapsing  back  into  forest.  The  flat  swamp-land  on 
the  Walkill  southwest  of  Sparta  has  some  timber,  mostly  border- 
ing the  stream.     There  are  maples  and  elms  12  to  24  inches  in 


•  The  "  Western  Htghlaod*  range  "  of  Prof.  Salisbury. 
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diameter  and  40  to  50  feet  high  interspersed  with  a  good  deal  of 
brush,  and  near  the  head  of  the  swamp  there  are  a  few  good 
white  pines,  also  a  number  of  hemlocks  about  the  headwaters  of 
the  stream.  The  ridge  just  west  of  this  swamp  is  well  wooded 
at  the  north  end,  the  trees  being  mostly  10  to  14  inches  in  diam- 
eter, but  ranging  up  to  24  inches.  The  larger  trees  have  been 
cut  out  at  the  southern  end  of  the  ridge.  There  are  red  cedars 
bordering  the  clearings.  Tar  Hill  ridge  in  Andover  township, 
just  east  of  the  Lehigh  and  Hudson  River  railroad,  is  quite  well 
wooded.  A  small  portion  has  been  cut  off  within  the  last  five 
years,  more  within  ten  years,  but  generally  the  timber  runs  from 
6  to  24  inches  in  diameter  and  from  30  to  50  feet  high,  the  larger 
sizes  being  not  very  numerous.  There  are  a  good  many  hem- 
locks and  red  cedars  and  a  few  white  pines.  On  the  ridge  line 
between  the  Upper  Wallkill  and  the  easterly  branch  of  Lubber's 
run,  and  stretching  from  Sparta  to  Roseville,  the  timber  is  small 
southward  as  far  as  the  Gaffney  mine,  most  of  the  large  growth 
having  been  cut  out.  In  a  few  spots  trees  were  noted  18  to  24  inches 
in  diameter,  but  for  the  most  part  they  are  less  than  8  inches.  On 
the  west  slope  there  are  a  great  many  red  cedars  and  a  few  hem- 
locks. In  the  swamp  near  Gaffney  mine,  and  also  the  one  just 
southwest  along  Lubber's  run,  there  are  a  good  many  tamaracks. 
The  hills  just  east  of  Stag  pond  are  well  wooded  on  the  tops,  the 
trees  ranging  from  6  to  18  inches  in  diameter,  but  the  steep  slope 
just  east  of  the  pond  and  its  outlet  is  broken  and  rocky,  and  is 
mostly  red  cedar  and  hemlock,  with  a  few  white  pines.  There  are 
also  hemlocks  and  a  few  white  pines  on  the  ridge  north  of  Rose- 
ville. A  tract  of  500  acres  at  Roseville  has  had  all  trees  9  inches  in 
diameter  and  over  cut  out.  An  examination  of  the  stumps 
showed  that  oak  60  to  70  years  old  ranged  from  18  to  24  inches  in 
diameter  ;  from  40  to  50  years  old  ranged  from  13  to  21  inches, 
being  mostly  13  and  14  inches.  An  oak  stump  89  years  old 
measured  24  inches,  and  showed  that  for  the  first  20  years  the 
growth  had  been  very  slow.  Chestnut  63  years  old  measured 
31  inches,  and  hickory  90  years  old  19  inches.  Generally  over 
this  tract  from  Sparta  southwest  to  the  Roseville  and  Andover 
highway  the  timber  was  in  good  condition.  In  a  few  places  it 
had  been  cut  within  3  years;  other  tracts  within  15  years,  but  a 
great  many  of  the  trees  would  average  from  12  to  20  inches  in 
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diameter.  Other  portions  would  average  from  8  to  15  inches  in 
diameter  and  from  40  to  55  feet  high,  although  some  of  the 
largest  timber  seemed  to  be  over  60  feet.  While  oak  and  chest- 
nut predominate,  there  is  scattering  white  pine  and  hemlock 
throughout. 

Between  the  Andover  and  Roseville  highway,  the  Sussex 
railroad  and  Lubber's  run  there  are  a  few  trees  24  inches  in 
diameter,  but  for  the  most  part  they  run  from  6  to  14  inches, 
with  a  height  of  from  30  to  50  feet.  Near  Andover,  on  the  road 
to  Roseville,  the  timber  was  10  to  20  inches  in  diameter,  and  50 
to  60  feet  high. 

The  portion  of  this  district  extending  from  Sussex  railroad 
southwest  to  the  highway  from  Hackettstown  to  Alamuche  is 
known  as  Alamuche  mountain,  and  is  almost  a  solid  forest.  In 
the  Kitattinny  valley,  between  the  foot  of  the  mountain  and  the 
Lehigh  and  Hudson  River  railroad,  the  country  is  highly  cul- 
tivated, the  scattering  patches  of  timber  being  composed  of 
small  oaks  and  chestnuts  from  4  to  6  inches  in  diameter  and  15 
to  35  feet  high.  In  each  grove  there  are  a  few  large  trees  from 
10  to  30  inches  in  diameter  and  40  to  60  feet  high,  but  most  of 
the  larger  trees  have  been  cut  out  for  timber  or  other  purposes. 
There  are  also  a  good  many  red  cedars.  Along  the  streams  and 
in  the  swamp  near  Alamuche  elms  and  maples  prevail,  the 
larger  ones  being  24  inches  in  diameter  and  about  50  feet  high. 
There  has  been  a  considerable  amount  of  clearing  recently  in 
this  swamp,  which  is  being  ditched  and  brought  under  cultiva- 
tion as  a  result  of  the  improvement  in  the  drainage  of  the  Pequest 
valley.  Passing  along  the  road  from  Andover  to  Alamuche  the 
trees  seemed  to  range  from  8  to  20  inches  in  diameter  and  about 
55  feet  high ;  further  along,  from  6  to  24  inches  in  diameter 
and  from  30  to  55  feet  high,  mixed  with  a  smaller  and  denser 
growth.  About  Tranquillity  timber  was  noted  from  10  to  20 
inches  in  diameter  and  40  to  50  feet  high,  and  near  Alamuche  it 
ranged  from  4  to  18  inches  and  from  20  tor  45  feet  high.  It  is 
somewhat  smaller  toward  the  top  of  the  mountain  eastward  from 
Alamuche,  and  there  seems  to  be  a  preponderance  of  trees  all 
through  the  mountains,  ranging  from  7  to  1 1  inches  in  diameter. 
Trees  as  large  as  20  inches  are  scarce  and  scattering,,  while  there 
is  a  good  deal  of  young  and  small  growth.     There  are  a  few 

4  FOR 


50        GEOLOGICAL  SURVEY  OF  NEW  JERSEY. 

hemlocks  on  the  rocky  slope  north  of  Cranberry  reser\'oir,  on 
the  end  of  the  mountain  north  of  Alamiiche,  and  near  Waterloo^ 
while  the  swamp  north  of  Waterloo  has  some  tamaracks.  South 
of  the  road  from  Alamiiche  to  Waterloo  there  is  a  game  preser\'e 
or  deer  park,  and  the  wood  is  chestnut  and  oak,  with  some 
hickory,  whitewood,  birch,  maple  and  elm.  South  of  the  road 
from  Warrenville  across  the  ridge  to  Saxton  Falls,  the  timber  is 
very  short,  mostly  chestnut  and  oak  on  the  tops  of  the  hills. 
On  the  east  slope,  where  it  has  not  been  cut,  there  is  a  thrifty 
growth  of  chestnut  and  oak  ranging  from  6  to  14  inches  in  diam- 
eter.    A  considerable  portion  has  been  cut  within  3  years. 

Mr.  James  French,  of  Waterloo,  owns  3,0(X)  acres  of  timber  in 
this  vicinity.  Mr.  Henry  French,  his  son,  reports  that  they  do 
not  cut  any  cord-wood  there  now,  as  they  do  not  find  it  profitable^ 
not  being  able  to  compete  with  the  pine  cordwood  of  South 
Jersey.  They  sell  a  good  deal  of  timber  on  special  orders  for 
various  purposes,  getting  out  almost  anything,  for  ship-building 
or  other  purposes,  which  may  be  required.  Their  tract  does  not 
produce  timber  quite  as  fast  as  they  need  at  present.  He  claims 
that  they  work  up  ever>'thing  and  waste  nothing,  and  thinks 
that  forests  are  generally  in  a  better  condition  now  than  they 
were  40  years  ago,  as  the  larger  mills  are  not  cutting  much  and 
cordwood  is  not  profitable,  that  the  demand  is  for  the  largest 
timber,  and  consequently  the  younger  growth  is  allowed  to 
mature.  They  also  peel  quite  a  good  deal  of  butternut,  hickor\% 
oak  and  birch  bark  for  their  trade. 

It  is  interesting  to  note  that  about  20  years  ago  Mr.  French 
bought  a  tract  of  woodland  in  these  mountains  which  had  been 
cut  off  a  few  years  before.  This  tract  has  not  appeared  to  grow 
since,  and  is  said  to  be  not  much  more  than  bnish  at  present. 

Continuing  southwest  to  the  road  from  Hackettstown  to  Vienna 
we  find  that  the  timber  is  inferior  in  quality.  On  the  slope  just 
northwest  of  Hackettstown  the  timber  has  been  cut  within 
three  years,  but  on  the  hill-top  it  is  6  to  14  inches  in  diameter 
and  from  30  to  40  feet  high  of  chestnut  and  oak.  The  timber 
through  this  section  is  in  detached  tracts,  the  larger  part  of 
the  area  l^eing  under  cultivation.  Between  Hackettstown  and 
Alainuche  the  timber  does  not  appear  to  grow  well,  or  is  too 
closely  cut.     \Vest  of  Alamuche  pond  the  ridge  has  a  larger 
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growth  of  chestnut  and  oak,  mixed  with  a  good  deal  of  red 
cedar.  There  are  also  a  few  white  pines  on  the  western  slope  of 
this  ridge.  Along  the  highway  from  Warrenville  to  Meadville, 
at  the  edge  of  the  Pequest  meadows,  there  is  some  of  the  finest 
timber  which  was  obser\^ed  in  this  region,  of  chestnut,  oak  and 
hickor>',  from  10  to  30  inches  in  diameter  and  50  to  60  feet  high. 
One  piece  of  about  50  acres,  near  the  head  of  the  small  swamp, 
has  been  cut  within  two  years.  A  good  deal  of  the  timber  on 
the  end  of  Cat  mountain,  west  of  Petersburgh,  has  been  recently 
cut ;  what  remains  is  from  8  to  16  inches  in  diameter,  and  from 
30  to  50  feet  high,  but  it  is  scattering  and  mixed  with  small 
growth.  At  the  head  of  the  stream,  just  northeast  of  Peters- 
burgh, there  are  a  number  of  tamarack  trees.  Agriculturally, 
this  section  about  holds  its  own.  There  is  not  any  important 
lapsing  back  of  cultivated  land  into  forest,  and  while  the  smaller 
houses  are  allowed  to  go  into  decay,  the  land  continues  to  be 
farmed  as  before.  It  was  noted  that  the  end  of  the  ridge, 
extending  westerly  and  southwesterly  from  Alamuche  pond  to 
Meadville,  is  badly  washed  just  north  of  the  latter  place  near 
the  small  mill-pond.  The  bed-rock  seems  to  lie  close  to  the 
surface  and  the  soil  washes  off.  Such  land  should  be  left  in 
forest,  as  it  must  become  less  and  less  valuable  for  agricultural 
purposes. 

The  region  above  described  constitutes  the  glaciated  portion 
of  that  section  of  the  Highlands  which  we  described  as  the 
Alamuche-Pohatcong  range  in  the  physical  description  of  the 
State,  Vol.  I,  1888. 

Continuing  westerly,  we  cross  the  Pequest  meadows,  which 
are  not  strictly  a  part  of  the  Highlands,  but  lie  within  the  dis- 
trict. They  contain  much  heavy  timber,  all  deciduous,  and  of 
many  varieties,  but  some  of  the  best  has  been  cut  during  the 
building  of  the  Lehigh  and  Hudson  River  railroad,  and  since  that 
time.  On  Mount  Mohepinoke,  west  of  Townsbury,  less  than  half 
the  area  is  forested.  The  timber  varies  from  2  to  14  inches  in 
diameter,  and  from  15  to  50  feet  in  height,  being  generally  good 
timber  and  containing  some  large  trees,  from  14  to  24  inches  in 
diameter  and  35  to  60  feet  high.  The  under-growth  is  quite 
thick,  and  there  are  red  cedars  near  Townsbur>'  on  some 
abandoned  pasture  and  stump  land.     Near  Pequest  mines  some 
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large  sumac  was  noted,  2  to  4  inches  in  diameter  and  10  to  20 
feet  in  height.  On  Jenny  Jump  mountain  there  has  also  been 
some  recent  cutting  of  timber  about  the  old  silver  mine.  The 
best  growth  is  on  the  main  ridge  of  the  mountain,  and  it 
includes  some  hemlock.  The  timber  on  the  foot  of  the  hills, 
especially  on  the  limestone,  is  inferior.  A  chestnut  tree,  70 
years  old,  measured  5  feet  in  diameter  at  the  stump,  but  was 
rotten  at  the  heart.  About  the  foot  of  the  mountain,  in  the 
valley,  oak,  chestnut,  cedar,  ash  and  poplar  were  observed.  At 
Southtown  some  large  sumac  was  noted,  measuring  from  2  to  6 
inches  in  diameter  and  10  to  25  feet  in  height.  Just  north  of 
Shiloh,  at  the  foot  of  the  mountain,  there  is  a  locust  grove 
covering  about  one  and  one-half  acres,  the  origin  of  which  was 
not  ascertained.  Southward  from  Shiloh  chestnut  and  oak 
prevail,  ranging  from  2  to  16  inches  in  diameter  and  10  to  45 
feet  in  height,  with  some  good  timber  near  the  Hope  and  Dan- 
ville road.  Southward  from  this  highway,  to  where  the  road 
crosses  to  Green's  pond,  there  has  been  much  cutting  within  15 
years,  and  the  timber  is  now  poor  in  quality.  Just  south  of 
Kishpaugh  mine  a  chestnut  stump  showed  100  rings,  and  meas- 
ured 36  inches  in  diameter.  One  ring  was  observed  measuring 
one-half  inch  in  thickness.  On  the  south  end  of  Jenny  Jump 
mountain  the  timber  is  quite  good,  ranging  from  6  to  18  inches 
in  diameter,  and  25  to  50  feet  in  height.  There  has  also  been 
some  cutting  here  within  15  years.  At  the  outlet  of  Green's 
pond  there  is  a  tamarack  swamp  quite  heavily  timbered.  Gen- 
erally over  this  region  of  Jenny  Jump  moimtain  and  Mount 
Mohepinoke  the  steeper  slopes  are  wooded,  but  some  of  the 
gentler  slopes  have  been  cleared  and  are  cultivated  without 
suffering  from  wash.  It  is  generally  the  fact  that  there  is  little 
or  no  evidence  of  wash  where  the  Highlands  ridges  are 
deforested  on  the  slope,  although  it  is  true  that  almost  invari- 
ably the  steeper  slopes  are  well  wooded.  There  is  much  more 
wash  on  the  slate  ridges,  showing  that  it  is  largely  due  to  the 
nature  of  the  soil. 

Mr.  L.  V.  Williams,  of  Danville,  speaking  of  this  region, 
thinks  that  on  an  average  timber  is  worth  $20  per  acre,  and 
most  of  the  mountains  have  a  growth  ranging  from  12  to  18 
inches  in  diameter,  with  chestnut  predominating,  but  there  is 
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also  a  good  deal  of  oak,  especially  rock  oak,  on  the  ridges.  He 
thinks  the  tendency  is  for  chestnut  to  increase  and  oak  to  grow 
scarcer,  because  the  chestnut  sprouts  grow  more  rapidly  and 
crowd  out  the  oak.  He  considers  the  growth  now  much  better 
than  it  was  30  years  ago,  as  it  is  allowed  to  stand  longer  before 
cutting.  Good  poplar  is  growing  scarce.  Each  succeeding 
growth  of  chestnut  appears  to  be  thrifty.  The  growth  is  better 
on  the  south  and  east  sides  of  the  hills,  although  this  is  not  so 
noticeable  when  the  soil  is  good.  On  the  Jenny  Jump  mountain 
district  there  seems  to  be  a  deterioration  in  the  cleared  lands, 
but  elsewhere  they  are  well  kept  up. 

The  timber  in  the  Pequest  valley,  from  Danville  to  Bridge- 
ville,  contains  maple,  elm,  oak,  hickory,  and  a  little  hemlock  and 
spnice.  Mr.  Williams,  before  quoted,  says  that  15  years  ago  he 
cut  off  a  piece  of  timber,  near  Townsbury,  consisting  principally 
of  oak,  and  since  then  nothing  had  grown  there  but  red  cedar. 

The  plateau  bounded  by  Bearfort  mountain,  the  New  York 
line,  Vernon  valley,  and  the  New  York,  Susquehanna  and  West- 
ern railroad,  has  about  80  per  cent,  of  its  area  in  timber,  consist- 
ing mainly  of  oak  and  chestnut,  a  considerable  portion  of  which 
is  from  35  to  40  years  old,  and  only  a  few  acres  older,  the  remain- 
der being  younger,  ranging  down  to  5  or  10  years.  The  growth 
from  30  to  40  years  old  ranges  from  6  to  10  inches  in  diameter, 
and  from  35  to  45  feet  in  height.  The  more  accessible  portion 
of  the  timber  is  said  to  be  cut  at  20  years.  Timber  is  believed  to 
grow  as  rapidly  as  in  earlier  years.  The  only  wastefulness 
apparent  in  cutting  comes  from  the  tendency  to  cut  at  too  early 
an  age,  and  this  practice  seems  to  be  just  about  at  the  point  of 
reform,  owing  to  a  change  in  demand  for  hoop-poles  and  cord- 
wood,  so  that  there  is  likelihood  of  future  improvement.  The 
swamp  areas  indicated  on  the  topographical  maps  on  this  plateau 
are  generally  wooded  with  maple,  beech,  elm,  and  occasionally 
with  scattered  pines,  larches  and  white  cedar.  A  dense  growth 
of  rhododendron  makes  some  of  the  swamps  ver\'  dark  and 
almost  impenetrable.  Forest  fires  sometime  -  give  trouble,  and  a 
large  area  east  of  Canistear,  near  Bearfort  mountain,  was  burned 
over  in  1894.  On  this  same  plateau,  southwest  of  the  rail- 
road at  Stockholm,  the  condition  of  the  timber  is  quite  simi- 
lar to  what  we  have  already  described  for  the  first  two  or  three 
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miles,  but  farther  southwest  the  timber  is  older  and  larger. 
Chestnut  is  said  to  generally  succeed  all  other  growth,  accompa- 
nied by  a  considerable  percentage  of  oak.  Pine  is  said  to  have 
been  succeeded  by  oak  and  chestnut.  The  eastern  slopes  of  the 
hills  are  thought  to  produce  the  best  timber,  especially  near  the 
foot,  while  the  extreme  tops  also  often  produce  good  timber. 
This  is  attributed  to  greater  depth  of  soil. 

Pochuck  mountain,  lying  just  west  of  this  plateau,  does  not 
differ  from  it  materially,  excepting  that  there  is  more  hemlock 
and  a  somewhat  thriftier  growth.  It  is  also  not  quite  so  densely 
wooded.  Over  the  cleared  portions  the  scattered  growth  is 
usually  oak  and  chestnut,  with  some  red  cedar,  maple,  black 
walnut,  &c.  All  these  trees  are  of  good  size,  the  cedars  from 
8  to  12  inches  in  diameter  and  40  feet  high,  and  the  other 
varieties  from  12  to  24  inches  in  diameter  and  averaging  about 
45  feet  high. 

In  noting  large  trees,  here  as  elsewhere,  no  attempt  was  made 
to  include  them  all,  the  purpose  being  rather  to  indicate  about 
what  could  be  seen  in  passing  over  the  country',  and  the  capacity 
of  the  soil  to  produce  good  timber.  Four  chestnuts  were  noted, 
ranging  from  42  to  60  inches  in  diameter,  and  from  40  to  60  feet 
high,  mostly  near  Stockholm  and  along  the  road  to  Vernon. 
The  following  oaks  were  also  seen  on  Pochuck  mountain :  One, 
one-quarter  mile  west  of  Sand  Hills,  48  inches  in  diameter  and 
60  feet  high  ;  another,  one  mile  north,  36  inches  by  60  feet,  the 
spread  of  branches  being  40  feet.  In  Vernon,  there  is  one  42 
inches  in  diameter  by  50  feet  high,  and  3  miles  north  of  Stock- 
holm another  oak  was  seen  30  inches  in  diameter  by  45  feet 
high.  An  elm,  one  mile  north  of  Stockholm,  measured  30 
inches  by  50  feet,  and  another,  northw^est  of  Venion,  30  inches 
by  60  feet.  A  maple  was  seen  on  Pochuck  mountain  36  inches 
by  70  feet ;  two,  east  of  McAfee,  in  the  valley,  about  30  inches 
by  50  feet ;  two,  south  of  Vernon,  about  half  way  to  Stockholm, 
about  48  inches  in  diameter  by  50  and  60  feet  high.  Black  wal- 
nuts were  noted  as  follows :  One,  one-half  mile  east  of  Vernon, 
along  the  Valley  road,  36  inches  by  50  feet,  said  to  be  one  of  the 
original  forest  trees.  At  McAfee,  there  is  one  66  inches  by  85 
feet.  On  the  side  of  the  mountain,  southeast  of  McAfee,  there 
is  an  apple  tree  measuring  36  inches  in  diameter  by  45  feet  high, 
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which  is  said  to  be  the  largest  in  Sussex  county.  Two  miles 
southwest  of  Vernon,  on  the  road  to  Stockholm,  an  oak  and  a 
walnut  have  grown  together.  At  the  base  their  combined 
diameters  are  48  inches;  above  the  junction  each  is  about  24 
inches  in  diameter. 

The  following  was  obtained  as  average  values  of  timber 
near  Stockholm :  Stump  land,  $2  ;  20-years'  growth,  $7 ;  30- 
years'  growth,  $10 ;  heavy^  chestnut  or  mixed  oak  and  chest- 
nut, $80.  Heavy  oak  is  said  to  be  extremely  scarce,  but  is 
quoted  at  from  $60  to  $100  per  acre.  At  Vernon,  stump 
land,  $2  ;  2oyears'  growth,  $7 ;  30-years*  growth,  $12  ;  heavy 
chestnut  or  mixed  oak  and  chestnut,  $80.  There  is  said  to  be 
very  little  valuable  pine.  At  McAfee,  stump  land,  $3  ;  20-years* 
growth,  $7 ;  30-years'  growth,  $10 ;  heavy  chestnut  and  oak,  $75 
to  $80.  At  Canistear,  stump  land,  $3 ;  20-years*  growth,  $10 . 
30-years*  growth,  $15 ;  heavy  chestnut,  $60. 

We  shall  next  take  up  the  balance  of  the  glaciated  portion  of 
the  central  highland  plateau  which  lies  between  Longwood  and 
Gennan  valleys  on  the  east,  and  the  valleys  of  the  Wallkill, 
Lubber's  run  and  the  Musconetcong  on  the  west.  Northeast  of 
the  Sparta  turnpike,  connecting  Sparta  and  Dover,  it  is  very 
generally  forested,  probably  less  than  10  per  cent,  of  the  whole 
being  under  cultivation.  Along  the  western  slope,  between 
Hardistonville  and  Sparta,  the  growth  is  mixed,  deciduous  and 
coniferous,  the  latter  being  much  the  larger,  from  10  to  20  inches 
in  diameter  and  40  feet  high.  On  the  top  of  the  mountain,  just 
east  of  Franklin  Furnace,  about  Two  Bridges,  the  growth  is 
young,  but  little  being  even  large  enough  for  cordwood,  and 
ver>'  little  as  much  as  30  years  old.  Thence  along  the  top  of 
the  mountain  to  Ogden  mines,  the  timber  is  mainly  deciduous, 
and  from  general  report,  practically  all  of  the  timber  has  been 
cut  once  since  the  period  of  charcoal  forges.  About  Ogden 
mines  there  is  some  older  growth,  but  all  the  larger  trees  are 
cut  out,  the  stumps  averaging  40  years  old,  and  a  single  one  run- 
ning as  high  as  53  years.  Between  Morris  pond  and  the  road  to 
Ogden  mines  the  growth  is  from  2  to  6  inches  in  diameter  and 
15  to  20  feet  high,  and  about  12  years  old.  Between  Ogden 
mines  and  Hopewell,  down  to  the  Sparta  and  Milton  high- 
way, we  noted  stumps  which  indicated  the  growth  there  to  be 
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from  34  to  40  years  old.  Generally  it  appeared  to  be  from  4 
to  8  inches  in  diameter  and  20  to  30  feet  high,  but  a  few  trees 
16  inches  in  diauieter  and  50  feet  high  were  noted.  The 
growth  is  all  deciduous.  The  north  slope  of  Bowling  Green 
mountain,  and  westward  beyond  the  Ogden  mines  railroad,  has 
a  growth  from  34  to  44  years  old  ;  one  oak  stump  was  noted  47 
years  old  and  10  inches  in  diameter.  On  the  top  of  the  ridges 
hereabout  the  growth  is  from  2  to  8  inches  in  diameter  and 
from  20  to  30  feet  high,  but  where  there  is  more  soil  the  trees  are 
from  4  to  14  inches  in  diameter  and  about  40  feet  high.  Between 
Morris  pond  and  Hurdtown,  west  of  the  railroad,  the  timber  is 
deciduous,  with  a  few  scattering  pines,  and  it  is  generally  small 
with  some  stump  land,  some  5  years*  growth.  The  different 
tracts  ranged  from  2  to  5  inches  in  diameter  and  20  feet  high, 
from  6  to  12  inches  in  diameter  and  35  to  45  feet  high,  from  6 
to  24  inches,  in  diameter  and  55  feet  high,  but  trees  24  inches  in 
diameter  are  ver>'  scarce.  The  best  wood  in  this  section  is  along 
the  road  from  Woodport  to  Schofield  mine,  and  is  from  6  to  15 
inches  in  diameter  and  60  feet  high,  most  of  the  trees  being  of 
the  larger  size,  but  the  portion  of  this  near  the  railroad  is  now 
being  cut.  The  timber  on  the  top  of  Bowling  Green  mountain 
is  also  good,  from  6  to  14  inches  in  diameter  and  40  to  55  feet 
high,  the  larger  sizes  predominating.  This  has  also  been  cut  in 
places.  The  west  slope  of  Longwood  valley  was  cut  about  12 
years  ago  ;  there  are  a  few  coniferous  trees,  spnices,  pines  and 
red  cedar. 

West  of  Woodport,  between  the  head  of  Lake  Hopatcong  and 
the  head  of  Lubber's  run,  the  country  is  well  wooded  with  oak 
and  chestnut  and  scattering  conifers.  About  Henderson  cove, 
on  the  lake,  there  are  scattering  white  pines  and  hemlocks. 
Excepting  toward  Bear  ponds,  where  it  is  about  10  years  old, 
the  growth  ranges  from  6  to  24  inches  in  diameter  and  30  to  60 
feet  high,  most  of  the  trees  being  from  8  to  14  inches,  but  occa- 
sionally one  is  found  36  inches  in  diameter.  There  is  exceed- 
ingly little  cleared  land  in  this  tract. 

Between  Lake  Hopatcong  and  the  valley  of  Lubber's  run, 
from  Byrani  cove  to  Stanhope,  the  country  is  almost  entirely 
wooded.  About  Bear  ponds  there  is  much  young  growth  from 
6  to  15  years  old,  with  better  timber  along  the  lake  about  Byram 
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cove  and  Davis  cove,  ranging  from  2  to  8  inches  in  diameter  and 
from  20  to  35  feet  high.  From  the  River  Styx  to  Brooklyn,  it 
ranges  from  6  to  14  inches  in  diameter,  from  30  to  50  feet  high^ 
and  is  entirely  deciduous.  Along  the  highway  from  Roseville 
to  Stanhope  reservoir,  across  the  mountain,  the  timber  is  still 
better,  while  along  the  Musconetcong  river,  from  Stanhope  to 
Old  Andover,  it  is  large,  ranging  from  10  to  24  inches  in  diam- 
eter and  40  to  60  feet  high,  with  quite  a  number  of  hemlocks. 
There  seems  to  be  a  general  absence  of  coniferous  trees  near 
Lake  Hopatcong,  but  they  are  much  more  prevalent  toward  the 
valley  of  Lubber's  run.  It  was  noted  that,  generally,  through- 
out this  western  portion  of  the  Highlands,  there  was  very  little 
evidence  of  bad  effects  from  deforestation,  even  where  the  slopes 
are  cleared  and  cultivated  they  do  not  seem  to  be  inclined  to 
wash  as  a  rule.  This  is  probably  largely  due  to  the  nature  of 
the  soil.  It  was  also  noted  that,  while  many  of  the  small  build- 
ings are  allowed  to  go  down,  the  land  cleared  is  as  well  culti- 
vated as  it  was  15  years  ago,  when  the  topographical  survey  was 
made.  There  is  practically  no  change  in  the  location  or  extent 
of  the  forested  areas.  There  was  some  exception  to  this  state  of 
things  noted  in  the  valley  of  Lubber's  nin,  throughout  which 
the  fann  lands  seemed  to  be  not  so  well  cultivated,  and  showed 
signs  of  lapsing  back  into  forest.  Throughout  the  hill  region 
chestnut  and  oak  predominate,  but  in  places  there  is  a  great 
deal  of  hickory.  The  better  timber  seems  to  sell  at  from  $40  to 
$60  per  acre. 

Taking  next  the  plateau  east  of  Lake  Hopatcong  over  to 
Long^ood  valley,  we  find,  between  Hurdtown  and  Lower  Long- 
wood,  timber  generally  from  6  to  12  inches  in  diameter  and  25 
to  40  feet  high,  with  some  portions  smaller.  Near  the  Dover 
and  Sparta  turnpike  the  timber  becomes  somewhat  better,  rang- 
ing from  6  to  18  inches  in  diameter  and  35  to  50  feet  in  height. 
On  the  end  of  the  ridge  east  of  Woodport,  and  near  the  lake, 
there  are  several  white  pines.  Following  down  the  turnpike 
toward  Longwood  valley,  the  growth  becomes  smaller  again. 
Along  the  western  slope  of  Longwood  valley,  from  Lower  Long- 
wood  toward  Berkshire  valley,,  a  fire  has  extended  about  i  ^ 
miles  through  young  growth  from  2  to  4  inches  in  diameter,  all 
of  which  is  dead.     Further  southwest,  the  timber  ranges  from  4 
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to  12  inches  in  diameter  and  25  to  40  feet  high.  There  is  some 
coniferous  growth,  mainly  spruce  and  hemlock.  Continuing 
southwest  from  Berkshire  valley,  on  the  road  to  Davenport 
mine,  it  was  noticed  that  some  large  oaks  had  been  cut,  ranging 
from  94  to  99  years  old,  and  from  21  to  31  inches  in  diameter. 
From  Davenport  mine  to  Hopatcong,  the  timber  ranges  gener- 
ally from  6  to  24  inches  in  diameter  and  25  to  60  feet  high.  At 
one  place  all  trees  large  enough  for  railroad  ties  had  been  taken 
out.  Southwest  of  Lake  Hopatcong  branch  of  the  Central  rail- 
road, over  to  the  Delaware,  Lackawanna  and  Western  railroad, 
the  timber  is  generally  from  6  to  12  inches  in  diameter  and  20  to 
60  feet  high,  but  there  is  some  smaller  growth  only  about  2 
inches  in  diameter. 

The  age  and  diameter  of  a  number  of  stumps  in  this  region 
east  of  Lake  Hopatcong  were  recorded,  and  become  an  index  of 
the  rate  of  growth  of  the  timber.  We  give  following,  first  the  age, 
and  then  the  diameter  for  different  kinds  of  timber :  Chestnut, 
93  years,  32  inches ;  89  years,  13  inches ;  60  years,  14  inches ;  43 
years,  12  inches;  33  years,  9  inches.  Oak,  99  years,  24  inches; 
98  years,  31  inches  and  21  inches;  95  years,  24  inches;  94  years, 
27  inches  and  24  inches ;  79  years,  14  inches ;  78  years,  13 
inches;  37  years,  9  inches;  33  years,  9,  n  and  14  inches;  32 
years,  17,^2  inches;  30  years,  13  inches.  Maple,  33  years,  14 
inches.  It  was  noted  that  several  trees  from  74  to  89  years  old 
had  apparently  grown  rapidly  and  unifonnly  until  30  years  old, 
then  very  slowly  for  ten  years,  but  after  that  more  rapidly  again. 

There  is  a  general  improvement  in  the  cleared  land  and  build- 
ings in  the  neighborhood  of  the  line  of  the  Ogden  Mine  railroad. 
This  is,  no  doubt,  partly  due  to  better  railroad  facilities  since 
this  railroad  was  connected  with  the  Central  Railroad  of  New 
Jersey  and  partly  to  the  recent  extensive  operations  at  Ogden 
mine.  Notwithstanding  this  improvement,  however,  little  land 
has  l:)een  cleared  for  cultivation,  but  the  old  clearings  are  better 
cultivated  and  cared  for.  Along  the  east  shore  of  Lake  Hopat- 
cong there  has  been  a  considerable  development  as  a  summer 
resort,  but  this  has  not  been  attended  by  much  clearing-off  of 
forests,  the  trees  being  preserved  so  far  as  possible. 

From  interviews  with  Mr.  Titman,  of  Sparta,  and  others  it 
was  learned  that  the  greatest  damage  to  forests  in  this  \4cinity 
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comes  from  fires  and  cattle,  the  latter  browsing  off.  the  young 
growth,  or  breaking  it  down.  It  is  said  that  a  fire  which  causes 
no  great  apparent  damage  at  the  time  will  cause  the  timber 
later  on  to  decay  at  the  heart.  There  seems  to  be  very  little 
wood  in  this  district  over  40  years  old  taken  as  a  forest,  although 
there  are  scattering  trees  very  much  older.  As  a  rule  the  tim- 
ber grows  slower  on  the  west  and  north  slopes  of  the  hills.  The 
growth  also  varies  with  the  character  of  the  soil,  and  where  the 
latter  is  ver>'  thin  in  certain  instances  a  40-years'  growth  has  not 
attained  sufficient  size  to  be  of  any  use,  even  for  cord-wood.  Mr. 
Decker,  who  formerly  ran  a  forge  at  Sparta,  says  that  he  shut 
his  works  down  in  1865.  ^^  ^'^o  says  that  when  forges  were 
running  throughout  this  section  wood  was  often  cut  when  15 
years  old  for  coaling.  Sprouts  now  come  up  quickly,  and  appear 
to  be  thrifty,  but  he  thinks  that  if  fires  continue  they  will  cause 
a  deterioration  in  the  forests.  He  also  says  that  hemlock  is 
usually  left  standing  when  the  other  timber  is  cut  off,  as  it  does 
not  pay  to  get  it  out  if  at  all  inaccessible.  This  fact  accounts 
for  the  larger  size  of  most  of  the  coniferous  growth  standing 
throughout  this  part  of  the  State. 

On  Bearfort  mountain  timber  has  suffered  much  from  fires.  In 
1882,  during  the  prosecution  of  the  topographic  survey  of  that 
section,  a  fire  ran  over  a  large  area  south  of  the  road  from  Green- 
wood lake  to  Wawayanda,  and  this  fire  did  injury  from  which 
the  forests  have  not  yet  recovered.  A  fire  in  1891  ran  over 
most  of  the  mountain  tops  from  the  State  line  to  Cedar  lake. 
The  timber  is  generally,  both  on  account  of  these  fires  and  the 
thinness  or  entire  absence  of  soil  over  much  of  the  mountain, 
scattering  and  of  little  value  on  the  high  ridges,  but  owing  to 
its  inaccessibility  there  has  always  remained  a  considerable 
amount  of  original  forest,  and  in  1882  there  was  some  quite 
heavy  timber  in  the  ravines,  notably  in  the  one  heading  at  the 
westernmost  of  the  two  small  ponds  near  the  State  line.  This 
ravine  was  then  heavily  timbered,  and  travel  through  it  was 
difficult,  owing  to  fallen  tree-trunks.  It  was  a  good  example  of 
virgin  forest.  But,  generally  speaking,  over  the  mountain  tops 
the  growth  is  scattering  and  inferior,  which  condition  has  been 
much  aggravated  by  the  recent  fires  referred  to.  There  is  a 
good  deal  of  the  common  pine  and  some  hemlock  scattered  over 
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the  mountain.  The  best  timber  is  along  the  eastern  slope, 
although  this  is  all  second  growth ;  but  the  present  growth  is 
from  30  to  40  years,  8  to  10  inches  in  diameter,  and  40  to  45 
feet  high.  It  is  mainly  oak  and  chestnut  and  scattering  pine 
and  hemlock. 

Green  Pond  and  Copperas  mountains  are  mainly  covered  with 
a  4oyears'  growth  of  oak  and  chestnut,  rather  sparse  and  poor 
on  the  top  and  eastern  face,  where  the  soil  is  thin,  but  fairly 
good  on  the  western  slopes,  being  there  generally  from  8  to  12 
inches  in  diameter  and  35  to  45  feet  high.  As  on  Bearfort 
mountain,  there  is  a  sprinkling  of  common  pine.  Some  lots, 
aggregating  perhaps  150  acres,  have  been  cut  off  within  from  10 
to  15  years,  but  the  remainder,  if  recently  cut  at  all,  has  been 
only  thinned  out. 

The  west  slope  of  Green  Pond  mountain  has  deciduous  and 
coniferous  trees  in  nearly  equal  number,  consisting  mainly 
of  oak  and  chestnut  from  4  to  10  inches  in  diameter  and  30 
feet  high,  or  spruce  and  hemlock  6  to  12  inches  in  diameter  and 
50  feet  high.  The  east  side  of  the  mountain  has  timber  of 
the  same  general  character,  while  the  flat  top  has  a  scattering 
growth  of  common  pines,  interspersed  with  scrub-oak  {Q.  /7/W- 
folia).  It  is  noticeable  that  the  coniferous  growth  disappears 
on  this  mountain,  south  of  the  highway  from  Middle  Forge 
to  Berkshire  valley,  and  the  deciduous  growth  runs  from  4  to 
14  inches  in  diameter  and  20  to  45  feet  high,  deteriorating 
southwest,  and  ending  in  brush  and  scrub  oak  in  the  district 
north  of  Keuvil.  Scrub  oak  prevails  over  the  entire  Bearfort 
and  Green  Pond  mountain  district,  especially  on  the  top  of  these 
ridges  and  on  the  sands  which  accompany  this  formation  west  of 
Clinton  and  on  Succasunny  plains. 

The  valley  at  Milton  and  Oak  Ridge  contains  most  of  the 
cultivated  land  of  this  region,  but  about  one-third  of  its  area  is 
in  timter,  mainly  oak  and  chestnut,  of  all  ages,  from  15  to  60 
years,  with  a  little  pine  along  the  road  south  of  Clinton,  and 
some  maple  and  other  soft  woods  in  the  low  grounds.  It  is 
noticeable  that  all  the  principal  slopes  about  this  valley,  and 
generally  on  the  upper  Pequannock  water-shed,  are  well  timbered. 
The  valley  has  a  considerable  number  of  scattered  trees  over  its 
cultivated  portion,  mostly  from  8  to  12  inches  in  diameter  and 
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40  to  50  feet  high.  The  large  trees  noted  were  a  black  walnut, 
three-quarters  of  a  mile  west  of  Milton,  30  inches  by  50  feet ; 
a  red  oak,  one-quarter  of  a  mile  north  of  the  same  place,  36 
inches  by  40  feet,  and  another,  near  Upper  Longwood,  60  inches 
by  60  feet.  From  Petersburg  to  Upper  Longwood,  along  the 
road,  there  are  from  20  to  30  oaks  and  maples,  ranging  from  12 
to  24  inches  in  diameter  and  averaging  45  feet  high.  A  maple 
east  of  Oak  Ridge  measures  36  inches  in  diameter  by  50  feet 
high. 

The  portion  of  the  Highlands  lying  between  the  valley  run- 
ning from  Greenwood  lake  to  Newfoundland,  and  Wanaque  and 
Passaic  valleys,  was  designated  the  Passaic  range  in  the  "  Phys- 
ical Description.''  A  portion  of  this,  north  of  Pequannock  river, 
.has  75  per  cent,  of  its  area  in  forest,  the  central  belt  of  the 
range  being  almost  unbroken  by  clearings.  In  the  northern 
part  there  is  a  considerable  amount  of  oak  and  chestnut,  from 
30  to  40  years  old,  including,  perhaps,  one-quarter  of  the  whole 
region,  while  another  large  tract  appears  to  exceed  45  years  in 
age,  all  the  more  accessible  portions  near  Wanaque  valley  and 
the  Pequannock  being  young  growth  of  all  ages,  from  3  to  5  years 
and  upward,  with  ver>^  little  stump  land  and  no  new  clearing. 
It  is  evident  that  the  practice  of  cutting  at  20  years  or  younger 
has  prevailed  along  the  lower  Pequannock,  and  it  would  appear 
that  the  forest  has  suffered  injury  in  consequence.  This  young 
timber  seems  to  have  been  mainly  cut  for  charcoal,  fire-wood, 
hoop-poles,  &c.  While  the  timber  is  mostly  oak  and  chestnut, 
there  is  some  pine  and  hemlock  between  Macopin  and  West- 
Milford,  also  red  cedar  in  old  pastures,  and  some  white  cedar 
south  of  Greenwood  lake.  The  only  portion  of  consequence 
which  seems  to  have  suffered  from  fire  is  an  area  of  perhaps  150 
acres  along  the  Greenwood  Lake  railroad,  just  east  of  the  lake. 
Most  of  the  eastern  part  of  this  section  is  owned  by  Cooper  & 
Hewitt,  being  a  part  of  the  Ringwood  tract,  and  the  forests  of 
this  part  seem  to  be  steadily  improving.  There  is  some  new 
cutting  about  Hewitt,  two  or  three  hundred  acres  of  stump  and 
brush  land  being  noted,  and  also  some  considerable  areas  of 
young  growth  of  all  ages. 

Continuing  along  the  Passaic  range,  southwesterly  from  the 
Pequannock  river  to  the  moraine  line  at  Denville  and  Dover, 
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chestnut  and  oak  still  prevail,  with  some  hickory,  and  matiy 
other  kinds  of  timber  distributed  throughout.  For  the  most 
part,  it  is  from  30  to  40  years  old,  and  some  scattering  parcels^ 
much  younger,  between  Charlottesburg  and  Marcella,  and  also 
between  Bloomingdale  and  Brook  valley.  This  younger  portion 
is  considerably  mixed  with  cedar,  white  birch,  &c.  There 
is  very  little  brush  or  stump  land  to  be  seen,  and  ver>'  little 
timber  less  than  10  years  old.  A  tract  of  several  thousand  acres 
is  now  held  as  a  private  preserv^e  about  Stickle  pond,  and  its 
forests  are  likely  to  be  cared  for. 

The  clearings  in  this  district  are  almost  entirely  confined  to 
the  valleys  of  Green  Pond  brook.  Beach  Glen,  Stony  brook  and 
the  Rockaway  river.  The  high  lands  are  almost  entirely 
covered  with  forest,  the  area  of  w^hich  amounts  to  some  75  per 
cent,  of  the  whole  district.  The  cleared  portions  are  almost 
entirely  grass  lands.  The  population  is  decreasing,  but  there 
does  not  appear  to  be  any  considerable  amount  of  cleared  land 
which  shows  signs  of  lapsing  back  into  forest.  Between  Rock- 
away  and  Mount  Hope  the  timber  is  oak  and  chestnut,  ranging 
from  4  to  24  inches  in  diameter.  Between  Mount  Hope, 
Hibernia  and  Denmark  the  timber  ranges  from  35  to  50  years 
old,  and  cutting  appears  to  be  more  by  culling  out  the  best  trees 
than  by  clearing  off  the  entire  tract,  the  smaller  growth  being 
preserved.  West  of  Rockaway  there  is  thrifty  timber,  from  8 
to  12  inches  in  diameter,  and  40  to  60  feet  high,  said  to  be  about 
60  years  old.  The  timber  continues  to  be  excellent,  to  and 
about  Mount  Pleasant  mine.  About  Baker  and  Richards 
mines  it  is  apparently  as  old,  but  the  best  has  been  culled 
out.  Still,  it  continues  to  be  fair  on  over  to  the  valley  of 
Green  Pond  brook.  On  the  mountains,  between  Rockaway  and 
Hibernia,  the  timber  ranges  from  about  40  years  old,  near 
Beach  Glen  valley,  to  60  years  old  further  west.  Some  portions 
have  been  recently  cut,  and  some  are  from  10  to  20  years  old. 
But  generally  the  range  is  from  6  to  20  inches  in  diameter  and 
from  30  to  60  feet  in  height.  It  is  mainly  oak  and  chestnut, 
with  a  few  white  pines  and  other  conifers  on  the  top  and  the 
more  rocky  slopes.  Between  Beach  Glen  and  Meriden,  it  ranges 
from  12  to  34  inches  in  diameter  and  50  to  60  feet  in  height,  with 
a  few  coniferous  trees  as  before.     South  and  west  of  Split  Rock, 
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the  oak  and  chestnut  range  from  7  to  35  inches  in  diameter  and 
30  to  45  feet  in  height.  It  is  said  that  the  last  cutting  about 
Split  Rock  for  the  use  of  the  furnace  was  some  30  years  ago. 
Further  toward  Marcella,  oak  and  hickory  were  noted  10 
inches  in  diameter  and  55  feet  high,  while  along  the  Marcella 
and  Hibernia  road  the  oldest  timber  is  45  years  old,  but  there 
has  been  some  recent  cutting,  and  there  are  some  tracts  of 
younger  timber. 

From  Beach  Glen,  eastward  to  the  Morris  canal,  the  country 
is  well  known  by  Mr.  W.  K.  Clarke,  of  Rockaway.  He  says 
the  last  cutting  for  iron  furnaces  and  forges  in  this  district  was 
done  40  years  ago,  although  a  trifling  amount  has  been  done 
since.  He  believes  that  after  the  forests  here  are  cut  two  or 
three  times  more  the  growth  will  become  stunted  and  worthless, 
and  there  will  be  a  necessity  for  re-seeding.  He  mentions  a  10- 
acre  tract  on  his  property  where,  in  1838,  his  father  raised  a  crop 
of  buckwheat.  It  was  then  abandoned  and  oak  and  chestnut 
came  up.  The  timber  was  cut  off"  in  1866,  the  10  acres  yielding 
200  cords  of  wood.  In  1883  it  was  cut  again,  yielding  from  12 
to  15  cords  per  acre,  and  now,  in  1895,  the  growth  averages  4 
inches  in  diameter  and  25  feet  high.  He  thinks  the  best  growth 
is  on  the  east  and  south  slopes  of  the  hills. 

The  district  which  we  are  describing  has  generally  a  growth 
of  from  4  to  16  inches  in  diameter  and  35  to  45  feet  high.  There 
are  a  few  coniferous  trees,  principally  white  pine,  the  largest  of 
which  was  2  feet  in  diameter  and  60  feet  high,  and  about  this 
tree  there  were  a  great  many  small  pines,  some  20  feet  high, 
apparently  sprung  from  the  seed  of  the  large  tree. 

North  and  northeast  of  Boonton,  the  mountains  appear  to  have 
been  cut  off  from  30  to  50  years  ago,  and  are  now  beginning  to 
yield  good  timber  again.  Some  of  the  cleared  land  in  this 
vicinity  begins  to  grow  up  with  red  cedar.  About  Taylorville, 
it  is  said  that  the  timber  was  cut  about  30  years  ago  for  the  use 
of  the  forges.  Mr.  Ezekiel  Earle,  of  Lyonsville,  furnished  the 
following  interesting  facts  as  to  this  region  :  Last  winter  he  cut  a 
tract  on  the  hill  north  of  Dixon's  pond,  the  timber  of  which  was 
60  years  old  and  which  yielded  50  cords  per  acre.  He  has  some 
chestnut  and  oak  timber  which  he  has  trimmed  out  and  taken 
care  of,  and  he  believes  it  will  yield  one-third  more  wood  per  acre 
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than  other  wood  of  the  same  kind  and  similarly  located,  which 
has  been  allowed  to  grow  up  in  the  usual  way.  His  experience 
is  that  wood  will  usually  yield  one  cord  per  acre  for  each  year 
that  it  has  been  growing.  He  complains  that  the  timber  rots 
more  at  the  heart  now  than  formerly,  and  says  this  applies  only 
to  that  which  has  sprouted  up  from  the  stump.  The  seedling 
trees  are  much  thriftier  and  straighter  than  the  sprouts.  Just 
east  of  his  home  he  has  a  tract  of  chestnut  which  has  fine  timber. 
The  trees  are  about  45  years  old,  from  8  to  18  inches  in  diameter 
and  40  to  50  feet  high.  He  says  the  seedling  trees  in  this  growth 
can  be  picked  out  with  no  difficulty.  He  says  the  continued 
cutting  and  lack  of  care  is  injuring  the  growth  from  the  stump, 
and  believes  that  the  timber  will  deteriorate  from  this  cause. 
He  mentions  a  tract  which  was  cut  by  his  father,  and  which  he 
believes  was  original  forest.  Since  then  it  has  been  cut  once 
more,  about  20  years  ago,  and  has  never  been  more  than  brush 
since  that  cutting.  He  also  stated  that  Andrew  Cobb,  who  owned 
the  forges  at  Split  Rock,  used  to  say  that  wood  was  most  profit- 
able for  coaling  when  cut  every  20  years.  The  opinion  is  general 
hereabout,  as  elsewhere  in  the  northern  part  of  the  State,  that 
the  timber  is  better  cut  at  from  30  to  35  years  old  than  at  50  years, 
being  sounder, 

Mr.  C.  S.  Dickerson,  of  Denville,  who  has  much  experience, 
furnishes  the  following  facts :  He  is  now  cutting  a  tract  of  100 
acres,  for  which  he  paid  $50  per  acre,  including  timber  and  land, 
the  timber  being  about  60  years  old.  So  far  as  the  young  growth 
is  concerned,  he  thinks  it  makes  no  difference  whether  timber  is 
cut  in  Februaty-  or  August.  He  believes  the  forests  in  this  sec- 
tion are  now  in  better  condition  than  they  were  25  or  30  years 
ago,  as  they  were  then  cut  much  younger,  owing  to  the  demand  of 
forges,  railroads,  lime-kilns,  &c.,  and  later  the  hoop-pole  industr\'. 
He  says  the  second  growth  of  timber  is  stronger,  thriftier  and 
thicker  than  the  original,  and  each  succeeding  growth  appears 
to  improve.  Timber  ought  to  be  cut  at  from  30  to  40  years  old, 
as  after  that  it  begins  to  rot  at  the  heart,  and  the  older  stumps 
do  not  send  out  so  nian\'  or  as  thrifty  sprouts  as  the  younger. 
He  says,  also,  that  cord-wood  costs  60  cents  to  cut,  $1.00  for  cart- 
age, $1.50  for  freight,  and,  allowing  15  cents  for  waste,  this 
makes  the  total  $3.25,  whereas  the  market  price  ranges  from  $3.00 
to  $4.00  per  cord. 
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Near  Taylorville,  some  wood  12  years  old  was  recently  cut, 
and  the  larger  trees  were  decayed  at  the  heart.  It  is  also  stated 
that  timber  growing  rather  thin  on  the  ground  is  better  in  quality 
than  where  it  stands  too  close  together,  and  that  it  should  be 
trimmed  out  when  about  three  years  old,  leaving  the  healthier 
sprouts  to  grow.  The  general  trend  of  opinion  seems  to  be  that 
the  rotting  at  the  heart  indicates  the  necessity  of  re-seeding. 

On  this  northeastern  portion  of  the  Highlands  all  of  the  steeper 
slopes  are  well  forested,  excepting  a  few  which  are  rocky  and 
will  not  support  any  growth.  The  cleared  land  is  almost  entirely 
confined  to  the  bottoms  of  the  valleys,  which  are  usually  rather 
flat.  The  cleared  portions  are  not  highly  cultivated,  consisting 
largely  of  grass  land.  The  water-sheds  of  the  Ramapo,  Wanaque, 
Pequannock  and  Rockaway  lie  almost  entirely  upon  this  gla- 
ciated Highland  district,  and  to  this  fact  is  due  their  peculiar 
excellence  as  sources  of  water-supply  for  our  cities.  The  fore- 
going description  gives  as  good  an  idea  of  the  forest  conditions 
of  these  water-sheds  as  could  be  given  by  a  separate  description 
for  each  stream. 

In  Wanaque  valley,  although  the  timber  is  more  interspersed 
with  clearings,  it  does  not  differ  from  that  already  described, 
excepting  that  there  is  more  red  cedar,  which  is  probably  due  to 
the  fact  that  the  land  has  at  some  time  been  cleared. 

Ramapo  mountain  is  practically  an  unbroken  forest,  mainly 
oak  and  chestnut.  The  main  ridge,  from  Negro  pond  south  to 
the  highway  crossing  from  Midvale,  is  covered  with  a  good 
growth  of  perhaps  30  to  40  years  old,  and  most  of  the  flatter  por- 
tions of  the  mountain  are  likewise  well  timbered.  Perhaps  one- 
third  to  one-half  of  the  slopes  are  not  so  well  timbered,  owing  to 
thinness  of  soil.  The  southern  end  of  the  mountain  is  mostly 
covered  with  quite  young  timber  and  brush,  and  the  timber  on 
most  of  the  more  accessible  parts  has  been  cut  within  20  years. 

GeneralR,  the  Passaic  range  of  the  Highlands  and  Ramapo 
mountain  are  more  lightly  wooded,  and  the  timber  has  been 
more  severely  cut  during  the  last  20  years  than  on  the  Central 
Highland  plateau  westward.  The  proportion  of  forested  area  to 
the  whole  is  about  the  same.  In  this  part  of  the  Highlands  it  is 
thought,  generally,  that  the  timber  grows  as  vigorously  as  in 
former  years,  and  it  is  asserted  that  a  30-years'  growth  will  yield 
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as  much  wood  per  acre  as  the  original  forest.  Some  of  the  best 
timber  here  is  on  the  slopes,  but,  on  the  other  hand,  more  slopes 
have  thin  soil,  and  there  are  more  bare-rock  ledges  than  on  the 
central  plateau,  and  these  have  only  a  stunted  growth  or  none, 
but  they  do  not  exceed  one-third  of  the  entire  slope  area.  Flat 
hill-tops  and  ravines  are  well  timbered  as  a  rule,  although 
some  ridges  are  quite  bare  of  soil  on  the  top,  and  the  forest  is 
correspondingly  poor. 

The  larger  trees  noted  were  two  hemlocks,  one  mile  south- 
west of  West  Milford,  which  measured  30  and  36  inches  in 
diameter  and  about  60  feet  high ;  a  red  oak  at  the  same  place 
measured  42  inches  by  40  feet ;  an  oak  one  mile  north  measured 
54  inches  by  70  feet,  and  another,  one  and  one-quarter  miles 
north,  42  inches  by  45  feet,  being  a  ver>'  beautiful  tree.  Near 
the  same  place  we  observed  two  chestnuts  42  inches  in  diameter 
and  40  and  60  feet  high  ;  a  maple  42  inches  by  80  feet ;  another, 
in  a  swamp,  48  inches  by  70  feet ;  an  elm  30  inches  by  75  feet, 
with  a  beautiful  spread  of  weeping  branches.  A  chestnut  near 
by  measured  36  inches  by  50  feet,  and  one  at  Midvale,  54  inches 
by  50  feet ;  a  pine  at  Wanaque  measured  30  inches  by  50  feet 
No  very  large  trees  were  observ^ed  on  the  high  part  of  the  Passaic 
range. 

Not  much  reliable  data  could  be  had  as  to  values.  In  the 
vicinity  of  Greenwood  lake  estimates  ranged  about  as  follows : 
Stump  land,  $5  ;  20-y ears'  growth,  $20 ;  30-y ears'  growth,  $30. 
At  Midvale,  stump  land,  $5  ;  20-years'  growth,  $10  to  $20 ;  30 
years'  growth,  $15  to  $25 ;  large  oak  and  chestnut,  $60  to  $80 
per  acre. 

We  have  noticed  that  a  large  amount  of  Highlands  forest  ranges 
from  30  to  40  years  old,  and  only  a  ver}'  small  amount  exceeds 
45  years.  All  recent  cutting  also  seems  to  have  been  of  timber 
about  30  years  old  or  younger.  It  would  appear  that  much  of 
the  forest  now  standing,  or  which  has  been  cut  in  recent  years, 
dates  from  about  1850.  Up  to  about  that  date  there  was  a  ver\' 
large  consumption  of  timter  for  charcoal  to  supply  forges  and 
furnaces,  as  well  as  for  other  kinds  of  fuel.  Recently  the  cutting 
of  timber  less  than  20  years  old  appears  to  have  been  somewhat 
checked.  Most  of  this  young  tini])er  was  cut  for  charcoal,  fuel 
and  hoop-poles.     The  reason  for  this  check  is  mainly  to  be  found 
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in  the  lessened  demand  or  lower  prices  for  these  products.  The 
evidence  which  we  have  collected  seems  to  indicate  that  the 
best  results  are  obtained  by  cutting  at  an  age  of  30  or  35  years. 
Chestnut,  particularly,  does  not  grow  so  thriftily  after  this  age. 
A  potent  factor  in  checking  this  cutting  of  young  timber  is  the 
tendency  now  prevailing  to  acquire  large  holdings  of  these 
northern  Highlands.  This  movement  is  rapidly  under  way, 
and  will  undoubtedly  result  in  a  marked  improvement  in  the 
condition  of  the  forests  during  the  next  20  years.  At  Wawa- 
yanda  lake  one  owner  holds  3,000  acres,  and  on  Bearfort  moim- 
tain  an  iron  company  holds  2,000  acres.  At  Cedar  lake  a  club 
holds  a  large  tract  as  a  game  preserve.  At  Ringwood  the  prop- 
erty of  Cooper  &  Hewitt  embraces  a  large  extent  of  territory. 
At  Stickle  pond  a  private  owner  has  acquired  an  extensive  pre- 
serve. Thus  private  enterprise  seems  to  promise  the  solution  of 
the  forest  question  in  this  portion  of  the  State.  As  most  of  this 
land  is  entirely  unfit  for  cultivation,  and  should  always  remain 
in  forest  in  order  to  maintain  the  steady  flow  of  the  streams,  as 
well  as  for  other  economic  reasons,  not  to  speak  of  the  aesthetic, 
it  is  a  matter  for  congratulation  that  such  a  movement  has  set  in. 


FORESTS  OF  THE  SOUTHWESTERN   HIGHLANDS. 

The  line  of  the  terminal  moraine,  which  subdivides  the  High- 
lands, crosses  from  Denville  through  Dover,  Drakesville,  the 
north  end  of  Budd^s  lake,  a  point  about  one  mile  north  of  Hack- 
ettstown,  through  Townsbury  to  the  Delaware  at  Belvidere. 
The  unglaciated  portion  southwest  of  the  moraine  is,  as  we 
remarked,  much  better  adapted  to  agriculture,  so  that  generally 
speaking  the  Archaean  plateaus  and  ridges  have  fully  half  their 
surfaces  cleared  and  under  cultivation,  while  the  rather  broad 
intervening  valleys,  which  are  on  the  slate  and  limestone,  are 
almost  entirely  deforested  and  under  a  high  state  of  cultivation. 

Beginning  at  the  northwest  side  as  before,  we  have  first  the 
upper  Pohatcong  mountain  lying  between  the  Musconetcong 
and  Pequest  valleys.  We  have  previously  considered  the  glaci- 
ated portion  northwest  of  the  Hackettstown  and  Vienna  high- 
way. Southwestward  the  mountain  is  about  half  forested,  the 
slopes  especially  being  well  covered,  while  the  head  of  Pohat- 
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cong  valley  is  deforested.  The  slope  of  the  mountain,  toward 
Musconetcong  valley,  is  followed  by  the  Morris  canal,  to  which 
fact  may  be  due  the  recent  cutting  which  probably  includes  60 
per  cent,  of  the  timber,  within  15  years,  and  much  of  this  has 
been  cut  within  5  years.  The  better-growth  standing  ranges 
from  8  to  20  inches  in  diameter  and  30  to  50  feet  high.  This 
larger  growth  prevails  over  the  top  of  the  mountain,  where  there 
has  been  much  less  cutting.  On  Furnace  mountain,  which  in- 
cludes the  portion  west  of  the  head  of  Pohatcong  valley,  the 
timber  ranges  from  6  to  24  inches  in  diameter  and  25  to  55  feet 
in  height.  Here,  also,  there  has  been  some  recent  cutting.  The 
timber  is  principally  chestnut,  with  a  good  deal  of  oak,  but  we 
also  find  maple,  birch,  beech,  poplar,  ash,  butternut,  &c.  There 
is  no  washing  noticeable  on  the  mountain  slope,  but  there  is  some 
in  Pohatcong  valley,  especially  in  the  peach  orchards  and  other 
areas  which  are  not  kept  in  grass  or  grain. 

Just  southwest  is  Scott's  mountain,  which  includes  some  40 
square  miles  of  plateau,  surrounded  by  deforested  valleys  of  slate 
and  limestone.  About  one-half  of  the  surface  of  the  mountain 
is  forested,  including  all  the  steeper  slopes.  North  of  the  high- 
way, from  Oxford  Furnace  to  Belvidere, .  the  growth  is  decid- 
uous ;  oak,  chestnut  and  hickory,  with  the  usual  scattering 
birch,  beech,  maple,  elm,  poplar  and  ash.  The  best  timber  is 
from  8  to  24  inches  in  diameter  and  30  to  55  feet  in  height, 
which  includes  about  three-quarters  of  the  whole,  the  remaining 
one-quarter  having  been  cut  within  10  years.  There  is  a  little 
hemlock  near  Oxford  church.  The  southeast  slope  of  Scott's 
mountain,  which  is  also  followed  by  the  Morris  canal,  contains 
timber  from  6  to  18  inches  in  diameter  and  25  to  45  feet  high, 
some  of  which  has  been  cut  within  15  years.  On  the  western 
slope,  toward  the  Delaware,  there  has  also  been  some  cutting, 
and  in  general  the  best  timber  is  on  the  top  of  the  plateau,  rang- 
ing from  8  to  20  inches  in  diameter  and  25  to  50  feet  high, 
mainly  of  chestnut,  oak  and  hickory,  with  the  other  varieties 
previously  mentioned.  There  is  a  little  cutting,  but  less  than 
on  the  slopes.  Such  slopes  as  arc  cleared  show  no  evidence  of 
washing.  The  most  accessible  clearings  are  generally  well  cul- 
tivated. Those  less  easily  reached  show  a  few  signs  of  deteri- 
oration. 
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The  valley  of  the  Delaware,  westward,  is  almost  entirely 
deforested,  but  the  few  scattered  clumps  of  timber  are  good. 
The  bluff  along  the  river  contains  considerable  hemlock. 

The  Pohatcong  valley,  eastward,  including  the  broad  stretch 
of  level  country  at  the  south  end  of  Scott's  mountain,  reaching 
over  to  the  Delaware  river,  is  entirely  deforested,  there  being  a 
lack  even  of  scattering  trees,  which  makes  this  territor>^  seem 
more  bare  than  any  other  in  Northern  New  Jersey.  What  little 
timber  there  is  is  confined  to  the  bluff  along  the  Delaware,  and 
consists  of  a  few  larger  trees  from  10  to  13  inches  in  diameter 
and  30  to  45  feet  in  height,  interspersed  with  a  good  deal  of 
brush.  We  find  here  hickory,  butternut,  beech,  oak,  elm,  birch 
and  a  little  chestnut  and  hemlock. 

Pohatcong  mountain  is  a  narrow  ridge  extending  from  Wash- 
ington southwest  to  the  Delaware  river.  It  has  some  timber 
along  its  slopes,  mainly  oak,  hickory  and  chestnut,  with  the  other 
varieties  which  we  have  previously  named  interspersed,  and  also 
some  clumps  of  common  pine  {P.  rigidd)  north  of  Asbury.  The 
north  end  of  the  ridge  has  a  medium  growth  from  4  to  6  inches 
in  diameter,  and  some  of  the  pasture  is  growing  up  to  red  cedar. 
A  50-acre  lot  was  noticed  on  the  northwest  slope  which  has  been 
cut  within  7  years,  and  which  shows  almost  no  new  growth  since. 
The  timber  seems  to  have  been  principally  oak.  The  timber  is 
better  as  we  proceed  towards  Bloomsbury,  ranging  from  10  to  30 
inches  in  diameter  and  30  to  55  feet  in  height,  but  the  tracts  are 
small.  The  best  has  been,  or  is  now  being  cut.  Just  southwest 
of  the  Lehigh  Valley  railroad  there  is  a  piece  of  chestnut,  oak 
and  hickory  which  is  better,  ranging  from  6  to  14  inches  in 
diameter  and  25  to  45  feet  high.  Thence  to  the  Delaware  it 
ranges  from  8  to  24  inches  in  diameter  and  30  to  50  feet  high, 
but  nearly  all  has  been  cut  within  10  years,  and  the  best  of  the 
remaining  is  now  being  cut  out.  On  the  ridge  near  Bloomsbury, 
oak  stumps  were  noted  as  follows:  150  years  old,  28  inches  in 
diameter;  125  years  old,  from  21  to  29  inches,  and  118  years,  25 
inches. 

The  Musconetcong  valley,  southwestward  from  the  crossing 
of  the  moraine,  is  generally  deforested,  but  not  quit^  so  bare  of 
timber  as  the  Pohatcong  valley  previously  described.  The 
underlying  rock  of  the  valley  is  either  slate  or  limestone,  and  its 
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surface  is  highly  cultivated.  The  slopes  in  the  valley  show 
considerable  erosion  from  water,  and  it  would  seem  that  the 
steeper  ones  might  well  be  reforested,  but,  as  a  whole  the 
country  is  too  fertile  to  be  kept  in  forest. 

Schooley^s  mountain  is  crossed  by  the  moraine  from  Drakes- 
ville  by  the  north  end  of  Budd's  lake  to  a  point  about  one 
mile  north  of  Hackettstown,  and  this  northern  drift-covered 
portion  presents  a  marked  contrast  to  that  south  of  the 
moraine.  It  is  not  only  more  generally  forested  but  its 
clearings  are  neglected,  buildings  and  fences  are  falling  down, 
and  it  is  deteriorating  into  a  wilderness,  whereas,  just  southwest 
the  clearings  are  in  a  high  state  of  cultivation.  The  timber 
over  this  drift-covered  area  is  generally  from  6  to  12  inches  in 
diameter,  with  some  better,  ranging  from  8  to  24  inches  in 
diameter  and  30  to  55  feet  high,  but  there  is  also  a  considerable 
proportion  of  small  and  inferior  growth.  There  appears  to  have 
been  a  good  deal  of  cutting  done  10  or  15  years  ago,  but  not  so 
much  recently.  The  timber  is  mainly  chestnut  and  oak,  but 
includes  a  wide  range  of  other  varieties.  In  the  swamp  w^est  of 
Budd's  lake  there  are  a  few  tamaracks. 

Southwest  of  the  moraine  line  about  50  per  cent,  of  the  sur- 
face of  the  mountain,  including  the  more  level  portions,  is 
cleared  and  well  cultivated.  North  of  Drakestown  the  timber 
ranges  from  6  to  16  inches  in  diameter  and  30  to  50  feet  high, 
and  from  Drakestown  to  Schooley's  Mountain  springs,  from  6  to 
24  inches  in  diameter  and  20  to  55  feet  high,  but  about  half  of 
this  has  been  cut  within  10  years,  although  there  remains  some 
very  good  timber.  Around  Mount  Olive  the  growth  varies  from 
8  to  20  inches  in  diameter  and  30  to  55  feet  in  height,  but  there 
is  some  smaller'growth  interspersed.  Along  the  east  face  of  the 
mountain  it  runs  from  about  6  to  14  inches  in  diameter  and  25 
to  45  feet  high,  and  there  is  a  little  cutting  at  present,  while 
considerable  has  been  cut  from  5  to  10  years  ago.  There  is  not 
a  great  deal  left  here  which  is  large  enough  for  profitable  cutting. 
Along  the  western  slope,  from  Beattystown  to  Pennville,  the 
timber  is  good,  ranging  from  6  to  16  inches  in  diameter  and  30 
to  55  feet  High,  some  of  which  has  been,  and  is  now  being  cut. 
It  is  principally  chestnut  and  oak,  mixed  with  other  deciduous 
trees.      From   Pennville  to  Clian::^cwater  the  growth  is  quite 
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good,  and  about  the  same  size  as  above,  but  from  Changewater 
to  Junction  it  is  light,  and  ranges  mostly  from  6  to  18  inches  in 
diameter  and  30  to  45  feet  in  height,  with  a  few  larger  trees. 
This  slope  of  the  mountain  has  washed  considerably  in  places, 
and  especially  where  there  are  peach  orchards,  the  wash  being 
much  less  when  kept  in  grass.  Taking  this  southern  part  of 
the  mountain,  from  Schooley's  Mountain  postoffice  to  the  New 
Jersey  Central  railroad,  the  cutting  within  5  years  has  been  vers' 
severe,  and  all  the  heavier  timber  is  being  rapidly  taken  out. 
This  is  more  the  case  than  on  any  other  part  of  the  High- 
lands. Along  the  south  branch  of  the  Raritan  all  the  old  timber 
is  cut,  and  when  the  lots  now  being  cut  are  taken  off  there 
will  be  nothing  left  but  timber  too  young  to  be  of  any  use.  The 
farms  in  this  section  appear  to  be  well  kept  up.  Near  Pleasant 
Grove  an  oak  stump  was  noted,  showing  104  rings,  which  was 
30  inches  in  diameter.  The  timber  being  cut  on  these  south- 
western Highlands  at  present  is  mostly  worked  up  by  steam- 
mills  into  merchantable  lumber  of  all  kinds,  including  almost 
ever>'thing  for  which  a  ready  sale  can  be  found.  Practically 
none  of  the  area  being  now  cut  off  is  intended  to  be  cultivated, 
but  it  will  be  allowed  to  grow  up  again  in  forest 

Musconetcong  mountain  is  next,  southwest.  Along  its  west- 
ern face,  from  Junction  to  West  End,  the  average  timber  ranges 
from  4  to  8  inches  in  diameter,  and  25  to  45  feet  high,  of  which 
a  good  deal  has  been  cut  within  10  years,  and  some  quite 
recently.  Some  of  this  recent  cutting  seems  to  be  followed  by 
a  poor  and  stunted  growth,  possibly  due  to  the  browsing  of 
cattle.  Around  Pattenburg  the  chestnut  and  oak  range  from  6 
to  10  inches  in  diameter,  and  30  to  50  feet  high,  and  on  the 
eastern  slope,  thence  to  the  Central  railroad,  the  timber  is  small. 
The  best  of  this  region  is  on  the  hills,  near  Glen  Gardner.  It  is 
generally  oak  and  chestnut  and  other  deciduous  trees  inter- 
mingled. The  result  of  interviews  in  this  region  indicate  that, 
in  the  first  place,  the  timber  was  largely  cut  and  coaled  for  the 
use  of  forges  and  furnaces,  and  then,  after  the  Central  railroad 
was  built,  there  was  a  good  demand  for  timber,  and  the  forests 
were  cut  off,  since  which  time  there  has  been  a  lessened  demand. 
The  lots  now  being  cut  are  those  which  escaped  in  the  period 
following  the  completion  of  the  Central  railroad.    It  is  said  that 
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chestnut  grows  faster  than  oak,  although  there  was  no  com- 
plaint of  deterioration  of  chestnut  hereabout,  after  reaching  30 
years  of  age.  There  is  no  erosion  of  the  slopes  here,  and  the 
clearings  appear  to  be  well  cultivated.  Between  the  Lehigh 
Valley  railroad  and  the  road  from  Little  York  to  Bloomsbur\% 
the  timber  is  mainly  chestnut,  oak  and  hickory,  ranging,  in 
different  parts,  from  4  to  8  inches  in  diameter,  and  20  to  30 
feet  in  height,  up  to  18  inches  in  diameter,  and  30  to  50 
feet  in  height.  Quite  a  good  deal  has  been  recently  cut  and 
a  considerable  area  is  brush.  Along  the  Musconetcong  val- 
ley slopes,  above  Warren  paper  mills,  there  are  a  few  hem- 
locks ;  and  on  the  same  slope,  near  the  West  End  mines,  the 
timber  ranges  from  10  to  24  inches  in  diameter  and  40  to  55 
feet  high.  Further  southwest  the  timber  on  this  mountain 
varies  a  good  deal,  the  different  wood-lots  having  been  cut 
at  widely  different  periods.  Near  Gravel  hill  an  oak  stump 
was  noted  100  years  old  and  averaging  32  inches  in  diameter. 
Mr.  D.  Harrison,  of  Bloomsbur}-,  mentions  a  lot  of  20  acres  on 
this  mountain  which  was  cut  about  12  years  ago  and  which  has 
grown  very  little  since,  being  now  only  10  or  12  feet  high, 
although  all  around  it  the  growth  is  good.  In  general,  the 
timber  grows  well  and  quickly.  Chestnut  usually  comes  up 
after  cutting  off,  and  he  thinks  the  wood  grows  as  well  as  ever 
it  did,  and  that  the  wood  is  now  better  than  it  was  formerly, 
that  is,  it  is  more  durable.  He  mentions  a  young  chestnut  pole 
which  was  cut  80  years  ago  and  has  been  in  use  ever  since,  being 
still  well  preserved. 

On  Succasunna  Plains  we  find  a  good  deal  of  scrub-oak, 
especially  just  northeast  of  Flanders,  about  the  sand-pits  and 
eastward  of  the  Morris  canal  to  the  northeast  of  Kenville.  This 
occurs  on  a  sand  belonging  to  the  Green  Pond  mountain  rocks, 
and  it  is  said  that  this  scrub-oak  has  been  the  same  for  a  long 
time.  It  was  noticed  that  where  these  scrub-oak  lands  had 
been  cleared  they  appeared  to  raise  good  crops.  Generally  there 
is  more  timber  over  the  plains  than  on  the  other  valleys  of  this 
portion  of  the  Highlands.  Quite  a  good  many  white  pines  were 
noticed  near  Flanders,  with  some  young  pine,  and  a  few  hem- 
locks. Along  the  south  side  of  the  road  from  Flanders  to  Suc- 
casunna the  timber  ranges  from   10  to  15  inches  in  diameter  and 
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30  to  50  feet  high.  In  some  abandoned  clearings  common  pine 
is  coming  up.  There  is  some  tamarack  in  the  swamp  south  of 
Drakesville,  and  it  is  also  found  in  the  swamp  on  Black  river 
from  Horton  station  to  Succasunna. 

German  valley  is  generally  deforested,  especially  from  Naiigh- 
right  down  to  Califon. 

On  the  long,  narrow  ridge  at  the  southeast  side  of  German 
valley,  and  running  from  Succasunna  plains  to  Califon,  there  is 
a  considerable  amount  of  timber  on  the  northwest  slope,  mainly 
chestnut  and  oak,  ranging  from  4  to  18  inches  in  diameter  and 
20  to  50  feet  high,  and  it  appears  to  be  generally  attached  to 
fanns  and  utilized  in  connection  therewith. 

Taking  now  the  extension  of  the  Passaic  range  southwest  from 
Dover  and  Denville,  we  find  generally  about  one-half  of  the  coun- 
try in  timber,  the  greatest  amount  of  cleared  land  being  about 
Mendham  and  on  the  Upper  Whippany,  including  Morris  Plains. 
Along  the  west  face  of  the  plateau  from  Port  Oram  to  Ironia^ 
timber  is  from  6  to  12  inches  in  diameter  and  30  to  45  feet  high, 
while  south  of  Port  Oram,  on  the  hill,  it  is  good,  but  rather  thin. 
Just  south  of  Dover  there  has  been  some  clearing  near  the  town, 
but  otherwise  the  hills  are  covered  with  a  good  growth,  prin- 
cipally chestnut  and  oak,  6  to  16  inches  in  diameter  and  30  to 
40  feet  high.  Elsewhere  in  Randolph  township  it  usually  varies 
from  4  to  10  inches  in  diameter  to  from  6  to  16  inches,  and  there 
has  been  some  recent  cutting,  but  it  is  not  extensive.  The  hills 
between  Franklin  and  Rockaway  are  timbered  with  a  growth 
40  years  old  or  younger.  Some  has  lately  been  cut  off,  and  prob- 
ably one-half  is  less  than  20  years  old.  West  of  Franklin,  on 
the  same  ridge,  it  is  from  6  to  10  inches  in  diameter,  and  30  to 
45  feet  high,  mostly  oak  and  chestnut.  The  timber  east  of  Den 
brook,  over  to  Morris  Plains,  also  appears  to  range  up  to  about 
45  years  old,  something  near  half  being  of  this  age,  and  the  rest 
generally  less  than  20  years  old.  Oak  and  chestnut  prevail. 
Near  Camp  Tabor  several  large  trees  have  recently  been  cut, 
which  had  stood  in  the  open  with  plenty  of  room.  They  were 
all  35  years  old,  measured  from  24  to  34  inches  across  the  stump, 
and  were  from  40  to  50  feet  high,  sound  at  the  heart.  A  case 
was  mentioned  here  of  a  wood  lot,  the  timber  of  which  was  from 
40  to  50  years  old,  for  which  an  offer  had  been  made  of  $100  per 
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acre.  The  trees  between  Shongum  and  Morris  Plains,  and  gen- 
erally, in  this  vicinity,  are  about  44  years,  all  of  which  range 
from  6  to  24  inches  in  diameter  and  from  40  to  50  feet  high. 
There  are  very  few  coniferous  trees ;  mostly  in  the  valleys  and 
along  the  streams,  On  Trowbridge  mountain,  northeast  of 
Shongum,  a  few  acres  of  timber  were  noted,  measuring  from  10 
to  30  inches  in  diameter  ahd  60  feet  high.  A  few  red  cedars 
were  noted  near  Morris  Plains,  and  also  some  near  Shongum. 
The  timber  near  Morristown  seems  to  be  older  and  better  than 
it  is  further  west.  Generally,  from  Morristown,  Mendham  and 
Chester,  on  the  south,  to  Ironia  and  Mount  Freedom,  on  the  north, 
either  chestnut  or  oak  predominates,  but  there  is  also  a  good 
deal  of  hickor>',  some  birch,  white  birch,  maple,  elm,  &c.  There 
does  not  appear  to  be  much  cutting  at  present,  but  there  has  been 
a  good  deal  10  or  15  years  ago,  so  that  there  is  much  timber  only 
from  2  to  5  inches  in  diameter,  but  it  runs  from  these  sizes  up  to 
20  inches.  A  fair  average  of  the  timber  would  be  from  6  to  10 
inches  and  30  to  45  feet  high.  The  steeper  slopes  are  generally  for- 
ested, and  there  is  no  evidence  of  washing  from  deforestation.  On 
the  easterly  edge  of  the  plateau,  southwest  from  Morristown,  the 
timber  is  of  the  same  general  character  as  that  we  have  already 
described.  As  this  is  becoming  a  residence  district  there  is  a 
tendency  to  preserve  the  timber,  and  most  of  this  is  of  fair  size 
and  age,  and  there  is  very  little  cutting.  Further  southwest,  on 
Mine  mountain,  the  growth  is  good  and  thrifty,  ranging  from  8 
to  20  inches  in  diameter  and  30  to  55  feet  high.  There  is  but 
little  cutting,  and  what  there  is  is  mostly  for  fencing.  It  is 
mainly  held  either  in  connection  with  farms  or  the  countr\* 
places  of  people  from  the  near-by  cities,  and  there  is  a  general 
tendency  to  cut  the  wood  carefully  and  make  the  most  of  it. 
Over  along  the  north  branch  of  the  Raritan  there  is  some  good 
timber,  but  most  of  it  runs  from  4  to  6  inches  in  diameter  and 
20  to  30  feet  high.  It  is  noticed  that  as  we  approach  the  red 
shale  country  there  is  generally  more  hickor}'  and  less  chestnut. 
The  region  between  Peapack  and  Chester  has  timber  run- 
ning from  6  to  14  inches  in  diameter  and  30  to  50  feet  high, 
l)ut  not  niucli  has  been  recently  cut.  A  considerable  amount 
was  taken  off  between  10  and  15  years  ago.  There  is  good  timber 
on  Mount  Paul,  ranging  from  6  to  12  inches  in  diameter  and  25 
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to  45  feet  high,  and  including  about  half  a  dozen  white  pines. 
Along  the  Black  river,  from  Chester  to  Pottersville,  the  best 
timber  has  been  or  is  now  being  cut,  and  the  average  growth  is 
from  2  to  10  inches  in  diameter  and  10  to  40  feet  high.  There 
are  a  few  hemlocks  near  this  stream. 

Passing  southwest,  to  the  Fox  Hill  district,  we  still  note  that 
chestnut  disappears  at  the  edge  of  the  red  shale,  while  the  oak 
and  hickory  is  good,  but  only  small  parcels  are  left  standing, 
most  of  the  country  from  the  foot  of  the  Highlands  being  cleared. 
There  is  also  a  good  deal  of  cleared  land  on  the  plateau,  about 
Fairmount  and  southwesterlv,  but  the  small  lots  of  timber  left 
standing  are  generally  good,  ranging  from  7  to  16  inches  in 
diameter  and  30  to  45  feet  high.  Still  further  southwest,  about 
Cokesburg  and  toward  High  Bridge,  there  are  only  scattering 
parcels  of  timber  left,  and  here,  as  on  the  south  end  of  Schooley^s 
mountain,  what  remains  is  being  rapidly  cut  off.  The  timber 
continues  to  be  mainly  chestnut  and  oak,  with  the  usual  sprink- 
ling of  other  varieties,  but  here  also,  as  elsewhere,  the  disappear- 
ance of  chestnut,  when  we  reach  the  red  shale  countr>^,  is  very 
marked. 

It  will  be  noticed  from  the  foregoing  detailed  review  and 
description  of  the  Highlands  forests,  that  the  severest  cutting  at 
present  is  to  the  southwest,  where  the  proportion  of  forested 
area  is  the  smallest.  Further  northeast,  cutting  is  by  no  means 
severe,  and  the  timber  is  steadily  improving.  It  is  also  apparent 
that  there  is  ver>'  little  tendency  to  wastefulness,  that  the  cutting 
of  timber  is  determined  entirely  by  the  demand,  and  this  is  true 
not  only  as  to  the  amount  cut  but  as  to  the  age  at  which  the 
timber  is  cut.  In  the  past  it  was  found  profitable  to  cut  timber 
for  charcoal  when  20  years  old,  and  more  recently  for  hoop-poles 
at  a  still  earlier  age ;  but,  owing  entirely  to  a  change  in  the 
markets,  this  has  all  been  altered,  and  the  tendency  at  present  is 
not  to  cut  until  the  age  of  30  years,  or  thereabout,  has  been 
reached.  These  facts  as  to  the  history  of  the  past  suggest  at 
once  that  the  same  influences  must  determine  how  these  forests 
shall  be  managed  in  the  future.  If  there  should  come  a  demand 
which  would  make  it  profitable  to  cut  at  an  earlier  age  than  30 
years,  it  is  difficult  to  see  how  such  cutting  can  be  prevented. 
It  appears,  however,  that  owners  of  the  forest  are  ready  for  any 
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suggestions  which  will  enable  them  to  derive  a  greater  profit 
from  their  holdings,  that  they  will  not  be  slow  to  receive  and 
adopt  practical  suggestions,  or  to  improve'on  their  present  meth- 
ods, and  that  a  great  deal  can  be  done  to  aid  the  cause  of  forestr\' 
in  this  section  of  the  State  by  instruction. 


PASSAIC   VALLEY. 

This  valley,  lying  between  the  trap  ridges  variously  known 
as  Watchung,  or  the  First  and  Second  mountains,  and  the  east- 
ern slope  of  the  Highlands,  is  a  portion  of  the  red  sandstone 
plain,  and  is  all  glaciated  excepting  the  portion  lying  south- 
west of  the  line  of  the  Delaware,  Lackawanna  and  Western 
Railroad,  between  Summit  and  Morristown.  This  unglaciated 
portion,  however,  partakes  to  some  extent  of  the  character 
of  the  rest,  rather  than  of  the  unglaciated  portion  of  the 
red  sandstone  plain  south  of  the  trap  ridges,  both  in  the 
variety  and  the  extent  of  its  forest  growth.  This  fact  may 
possibly  be  due  to  the  prevalence  of  gravel  deposits  traceable 
to  Lake  Passaic,  which  once  occupied  the  whole  valley,  and 
partly  due  to  a  number  of  trap  hills  and  ridges  contained 
within  the  area;  but,  whatever  may  be  the  cause,  it  is  a 
fact  that  the  whole  valley  may  be  classed  together  in  relation 
to  its  forests.  Generally,  the  percentage  of  forested  area  ranges 
from  20  to  40,  averaging  for  the  whole  valley  about  30  per  cent. 
Pompton  plains  is  the  most  sparsely  wooded  section  of  the 
valley.  Over  the  northern  part,  generally,  oak  from  10  to  20 
inches  in  diameter  and  60  to  80  feet  high  is  common  enough  to 
indicate  that  the  soil  is  able  to  produce  heav\'  timber,  but  the 
prevailing  growth  is  quite  irregular  both  in  size  and  variety, 
and  is  generally  smaller  than  that  above  noted.  Softer  woods, 
such  as  gum,  maple,  willow,  etc.,  prevail  on  the  flatter  portions 
of  the  valley.  There  are  also  over  the  cultivated  portions  many 
scattering  trees,  planted  forest  trees,  fruit  trees,  etc.,  many  of 
which  are  of  a  large  size,  so  that  a  general  view  of  the  valley 
from  any  commanding  point  gives  the  impression  of  a  well 
wooded  country.  Riker  Hill,  Hook  mountain,  and  the  other 
trap  ridges  within  the  valley  have  timber  resembling  closely 
that  of  the  Watchung  mountain  ridges,  which  we  shall  describe 
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later.  They  are  generally  covered  with  cedar  trees.  The  orig- 
inal growth  was  oak  and  hickor}-,  and  this  was  succeeded,  when 
cut,  by  the  red  cedar  to  a  great  extent.  On  Hook  mountain  the 
timber  of  the  east  end  was  cut  about  35  years  ago,  some  parts  a 
little  later.  Some  is  now  being  cut  for  fencing,  etc.,  the  trees 
running  from  20  to  30  feet  long,  and  cutting  posts  worth  one 
and  one-half  cents  per  foot.  A  portion  of  the  moimtain  near 
Tom's  point  was  cut  off  from  8  to  20  years  ago,  and  the  growth 
is  slow,  consisting  of  oak,  hickor\',  chestnut  and  whitewood,  but 
little  cedar,  and  it  is  generally  true  that  there  is  little  cedar  all 
the  way  down  on  the  east  slope  of  the  moimtain,  but  on  the 
west  slope,  wherever  the  oak  and  hickory  is  cut  off,  red  cedar 
comes  up  abundantly.  In  one  place  the  original  forest  had  been 
cut  off  not  over  three  years  ago,  and  scarcely  a  sprout  could  be 
seen  excepting  red  cedar.  The  oak  and  hickory  is  large,  some 
of  it  apparently  over  100  years  old. 

On  Long  Hill  the  timber  is  short  and  thin,  with  a  good  many 
red  cedars,  and  a  very  little  timber  that  would  pay  to  cut. 
There  is  ver>'  little  chestnut  on  this  ridge. 

Around  Troy  Hills  and  northward  to  Boonton,  the  larger 
timber  is  cut,  from  time  to  time,  for  various  uses,  but  the  tracts 
being  held  in  connection  with  farms  are  not  cut  off  as  a  whole. 
Near  Littleton  some  timber  was  sold  30  years  ago  for  $60  per 
acre.  Parsippany  woods,  east  of  Tabor,  is  about  40  years  old, 
although  a  freshly-cut  stump  was  noted  51  years  old.  The  wood 
is  light,  30  acres  being  recently  sold  for  $20  per  acre.  Red 
cedars  have  come  up  here  quite  thickly,  especially  on  former 
pasture  lands.  The  wood  is  mainly  oak  and  chestnut,  and  is  all 
deciduous,  excepting  the  red  cedar.  Along  the  road  from  Tabor 
to  Parsippany  there  are  some  oak  and  chestnut  trees  which 
appear  to  be  from  100  to  150  years  old.  North  of  Lee  meadows 
there  is  some  timber  said  to  be  worth  $75  per  acre.  The  bal- 
ance of  the  tract  has  had  the  large  trees  cut  out,  leaving  mostly 
trees  of  about  30  years'  growth. 

On  Horse  hill,  east  of  Morris  Plains,  the  timber  is  from  4  to  7 
inches  in  diameter  and  20  to  35  feet  high,  on  the  south  end, 
while  on  the  top  and  east  slope  it  is  from  10  to  20  inches  in 
diameter,  and  toward  the  north  end  from  2  to  5  inches  in 
diameter  and  10  to  25  feet  high,  but  here  also  there  is  some  bet- 
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ter  timber,  ranging  from  6  to  24  inches  in  diameter  and  25  to  45 
feet  high.  The  timber  on  this  hill  is  mostly  oak,  with  some 
chestnut,  hickory  and  maple,  and  a  good  deal  of  red  cedar  about 
the  clearings.  About  Malapardis,  Whippany,  Troy  Hills  and 
Parsippany  much  of  the  timber  ranges  from  6  to  18  inches  in 
diameter  and  25  to  50  feet  high,  but  there  is  some  24  inches  in 
diameter  and  60  feet  high.  There  appears  to  be  no  chestnut 
here,  but  mainly  oak,  hickor\^  and  maple,  all  looking  thrifty,  and 
there  is  very  little  cutting.  There  is  also  considerable  red  cedar 
hereabouts,  and  on  the  lower  lands  a  good  deal  of  pin  oak. 

On  the  uplands,  between  Pine  Brook  and  Swinefield  Bridge, 
timber  averages  from  6  to  12  inches  in  diameter  and  30  to  50  feet 
high,  with  very  little  chestnut,  being  principally  oak  and  hick- 
ory. It  looks  thriftier  on  the  uplands  than  on  the  meadows,  the 
best  of  the  timber  being  pin-oak.  On  the  ridge  between  Whip- 
pany and  Passaic  rivers,  from  Hanover  Neck  to  Madison,  the  tim- 
ber seems  thrifty,  and  ranges  from  7  to  12  inches  in  diameter  and 
30  to  50  feet  high,  and  seems  to  be  carefully  preserved  by  the 
owners.  Between  Whippany  and  Morristown,  also,  it  is  good, 
ranging  from  6  to  12  inches  in  diameter  and  30  to  55  feet  high, 
but,  for  the  most  part,  there  is  a  little  too  much  brush  and  young 
growth.  There  does  not  appear  to  be  any  chestnut,  excepting 
along  the  banks  of  Whippany  river,  until  we  approach  Morris- 
town,  and  there  is  less  red  cedar  than  elsewhere.  The  timber  is 
also  quite  good  on  the  ridge  near  Convent,  ranging  from  6  to 

24  inches  in  diameter,  but  there  is  considerable  small  growth 
mixed  through  it.  There  is  a  little  chestnut  between  Hanover 
and  Chatham,  and  the  timber  here  is  also  thrifty,  ranging 
from  4  to  24  inches  in  diameter,  with  most  of  the  trees  between 
7  and  II  inches.  South  of  Madison,  on  the  ridge,  timber 
ranges  from  6  to  24  inches  in  diameter  and  from  30  to  60  feet 
high,  this  being  much  larger  than  most  of  the  timber  in  this 
neighborhood.  The  different  kinds  of  oak  predominate,  but 
there  is  also  some  chestnut  and  hickory,  with  a  few  elms, 
maples,  &c.  On  the  upland,  bordering  the  Great  swamp, 
most  of  the  oak  appears  to  have  been  cut  out  within  three  years. 
There  are  quite  a  <^ood  many  chestnuts  and  hickories.  The 
larj^er  trees  left  standing  are  from  6  to  1 1  inches  in  diameter  and 

25  to  40  feet  high.     There  is,  also,  quite  a  good  deal  of  brush 
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and  underbrush,  with  a  good  many  young  cedars.  North  of 
Green  Village  the  timber  is  good,  that  is,  what  remains  of  iU 
but  some  has  been  cut  within  a  few  years.  What  remains  runs 
from  6  to  10  inches  in  diameter  and  30  to  45  feet  high,  with  a  few 
trees  as  much  as  24  inches  in  diamter.  It  is  principally  oak  and 
hickory,  with  some  chestnut,  majJle,  birch,  &c.  Northward  of 
Green  Village,  and  toward  Morristown,  timber  is  generally  from 
4  to  24  inches  in  diameter  and  from  20  to  50  feet  in  height,  most 
trees  ranging  from  6  to  10  inches  in  diameter.  The  owner  of  a 
portable  saw-mill  has  just  cut  off  a  tract  between  Silver  lake 
and  Madison.  On  the  southwest  slope  of  the  ridge,  between 
Madison  and  Morristown,  timber  ranges  from  6  to  1 1  inches  in 
diameter  and  from  30  to  55  feet  high,  with  some  trees  as  much 
as  24  inches  in  diameter.  It  consists  of  oak,  chestnut,  hickor>% 
maple,  elm,  birch,  etc.,  with  a  good  deal  of  cedar  in  places. 
Some  of  this  timber  has  been  trimmed  out.  In  the  neighbor- 
hood of  New  Vernon  the  average  timber  ranges  from  6  to  12 
inches  in  diameter  and  25  to  50  feet  high.  There  are  some 
pieces  of  young  growth,  and  again  there  are  tracts  with  trees  24 
inches  in  diameter  and  50  to  60  feet  high.  As  a  general  thing 
there  is  little  chestnut,  excepting  near  the  foot  of  the  High- 
lands. Oak  of  all  kinds  predominates,  especially  white  oak, 
and,  on  the  flat  places,  pin-oak.  We  also  find  some  maple,  beach, 
elm,  birch  and  white  birch,  with  red  cedar  everywhere  where 
old  clearings  have  grown  up.  There  has  been  very  little  cutting 
on  this  tract,  between  Morristown  and  the  Great  swamp,  within 
the  last  4  or  five  years. 

On  the  northeast  end  of  the  Great  swamp,  near  the  edge 
of  the  uplands,  there  is  a  good  deal  of  small  growth,  includ- 
ing red  cedar.  Further  in  the  swamp  the  wood  appears  to 
be  better,  the  larger  trees  ranging  from  6  to  24  inches  in 
diameter  and  30  to  50  feet  high.  Larger  sizes  are  not  numer- 
ous, and  a  great  many  pin-oaks  were  noted.  Along  the  edge 
of  the  swamp,  next  to  Long  Hill,  a  good  many  red  cedars 
were  found  about  the  neglected  clearings,  and  it  also  appears 
to  have  succeeded  the  timber  where  it  has  been  cut  off.  The 
timber  in  the  swamp  consists  of  oak,  largely  pin-oak,  maple, 
birch  and  elm,  with  a  few  chestnuts,  the  latter  growing  only  on 
the  high  ground.     Taken  as  a  whole,  the  timber  in  this  swamp 
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is  very  poor.  One  hundred  acres  in  the  southern  part  was  cut 
off  last  year.  The  best  timber  is  said  to  be  near  White  Bridge, 
but  good  timber  was  also  noted  near  the  northeast  end  of  the 
swamp,  elsewhere  the  larger  and  better  trees  have  been  cut  out. 
This  cutting  has  been  especially  severe  during  the  last  lo 
years.  In  the  valley,  along  the  river  above  Chatham,  the  most 
of  the  timber  is  either  close  to  the  stream  or  in  widely  separated 
clumps,  much  of  the  valley  being  under  cultivation.  A  good 
deal  was  noted  ranging  from  6  to  24  inches  in  diameter  and  from 
30  to  50  feet  in  height,  but  some  is  smaller.  Generally  this 
valley  timber  is  thrifty  and  better  than  that  on  the  adjoining 
ridges.  The  best  of  it  is  just  west  of  New  Providence.  There 
is  almost  no  chestnut  here. 

In  the  northern  part  of  the  valley  it  is  estimated  that  swamp 
land  timber  of  the  older  and  heavier  growth  is  worth,  on  an 
average,  about  $50  per  acre,  and  upland  timber  of  about  the 
same  age,  $100  per  acre,  supposing,  in  each  case,  that  the  timber 
is  mostly  oak  and  hickory.  It  was  claimed  that  stump  land  was 
worth  from  $20  to  $40  per  acre,  but  this  estimate  evidently  does 
not  consider  swamp  lands,  which  are  generally  worth  less  than 
this  after  the  timber  is  cut  off.  Here,  as  in  other  portions  of  the 
State,  the  ordinary  rule  is  followed  to  estimate  for  30  years' 
growth  a  yield  of  30  cords  per  acre,  and  thereafter  about  one 
cord  per  acre  for  each  year  that  the  timber  has  been  growing. 
Observ^ation  seemed  to  indicate  that  most  of  the  timber  grows 
less  rapidly  after  reaching  about  30  years  of  age,  and  the  largest 
yield  is  thought  to  be  obtained  by  cutting  it  between  30  and  40 
years  old,  especially  if  the  growth  is  largely  chestnut,  as  this 
timber  often  deteriorates  as  it  grows  older.  There  is  some 
difference  of  opinion  as  to  whether  this  deterioration  is,  or  is 
not,  increased  by  continual  reproduction  from  the  old  stumps 
without  re-seeding,  but  the  general  trend  of  opinion  is  that  this 
is  at  least  increasing  the  tendency  of  chestnut  to  decay  at  the 
heart.  If  this  is  the  cause  it  will  be  advisable  to  begin  re-seed- 
ing when  timber  is  cut  off. 

WATCHUXG    MOUNTAINS. 

These  two  trap  ridges  have  from  40  to  60  per  cent,  of  their 
entire  area  covered  with  forest,  the  average  being  not  far  from 
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60  per  cent.  There  is  much  more  timber  than  on  the  Passaic 
valley  to  the  westward,  but  the  contrast  is  still  sharper  with  the 
deforested  country'  south  and  east. 

North  of  Campgaw  there  is  an  unbroken  tract  of  about 
2,000  acres  of  timber,  covering  the  trap  hill.  It  is  principally 
chestnut  and  oak,  about  50  feet  high,  and  from  6  to  12  inches  in 
diameter  in  the  northern  portion,  and  from  20  to  40  feet  high 
and  3  to  8  inches  in  diameter  in  the  southern  part.  From  Camp- 
gaw, by  Sicomac  to  the  Goffle,  the  timbered  areas  are  more  scat- 
tering, and  also  more  varied  in  character,  but  oak  and  chestnut 
are  still  predominant.  Over  all  these  trap  ridges  red  cedar  pre- 
vails, springing  up  spontaneously  and  persistently  in  abandoned 
clearings.  It  is  generally  less  than  20  feet  in  height.  The 
Goffle  has  some  good  oak  and  chestnut  timber  50  to  70  years 
old,  from  50  to  70  feet  high,  and  10  to  14  inches  in  diameter. 
On  Preakness  mountain,  and  the  ridge  just  west,  the  growth  is 
largely  mixed  with  red  cedar,  and  is  of  an  inferior  size  and 
quality  on  the  trap,  being  much  better  on  the  red  sandstone  por- 
tion of  the  eastern  slope  near  the  foot.  Near  Pompton  lake 
there  is  considerable  good'  hemlock,  this  last  being  a  rather 
unusual  growth  for  this  part  of  the  State.  Second  mountain, 
about  Caldwell  and  northward,  has  some  fair  oak,  chestnut  and 
hickory.  First  mountain  is  not  so  well  timbered,  and  has  more 
red  cedar.  Abandoned  clearings  are  quite  frequent,  and  the 
whole  of  the  growth  is  irregular  and  patchy.  Most  of  the 
timber  is  also  younger  than  that  in  the  Hackensack  valley. 
There  is  a  noticeably  greater  prevalence  of  hickory  on  the  trap 
than  on  the  red  sandstone. 

Southwest  from  Caldwell  and  Verona  the  timber  ranges,  gen- 
erally, from  4  to  12  inches  in  diameter,  and  20  to  45  feet 
high.  There  is  very  little  chestnut,  excepting  near  Mont- 
clair,  on  First  mountain.  On  the  same  ridge,  at  Eagle  Rock, 
the  timber  is  small.  Around  St.  Cloud  the  growth  ranges 
all  the  way  from  2  to  12  inches  in  diameter  and  from  10  to 
45  feet  high.  On  the  east  slope  of  First  mountain,  from  West 
Orange  to  Wyoming,  there  is  also  much  variation  in  the  size. 
The  west  slope  seems  rather  better  wooded,  ranging  from  6  to  24 
inches  in  diameter,  with  the  larger  part  from  8  to  12  inches, 
and  there  is  less  young  growth.     On  Second  mountain,  about 
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Livingston,  the  timber  is  mostly  oak  and  hickor>',  with  ver>- 
little  chestnut.     There  is  a  good  deal  of  small  growth,  but  there 
are  some  trees  ranging  up  to  24  inches  in  diameter.     There  is 
also  much  red  cedar.     Around  Livingston  there  has  been  more 
clearing-away  of  forests  for  cultivation  than  anywhere  else  noted. 
The  timber  on  these  ridges,  here  as  elsewhere,  continues  to  be 
inferior  to  that  in  the  adjacent  valleys.     Near  Northfield,  a  piece 
of  timber  was  noted,  about  the  best  of  any  in  the  \'icinity,  rang- 
ing from  6  to  24  inches  in  diameter  and  30  to  50  feet  high.     This 
lot  contained  19  acres,  and  had  just  been  sold,  including  land  and 
wood,  for  $600.     It  was  estimated  that  it  would  yield  28  cords 
per  acre.     Over  this  part  of  the  mountain  the  timber  ranges  all 
the  way  from  2  inches  up  to  18  in  diameter  and  from  10  to  45 
feet  high,  with  a  large  proportion  of  the  smaller  sizes,  but  some 
scattering  trees  are  as  much  as  24  to  28  inches  in  diameter,  the 
poorer  timber  being,  generally,  toward  the  top  of  the  mountain 
and  on  the  eastern  slopes,  but  for  two  or  three  miles  north  of 
Millburn  there  is  an  exception  to  this  rule,  as  the  timber  is  good, 
and  ranges  from  6  to  24  inches  in  diameter.     Around  Short  Hills 
and  Summit  there  is  a  good  deal  of  chestnut  again,  and  not  much 
cedar.     Southerly  from  South  Orange  turnpike.  First  mountain 
and  the  valley  west  contain  some  pine.     There  is  also  a  little 
hemlock  along  the  Passaic  near  Stanley,  and  again  near  Milling- 
ton.     There  is  also  a  little  pine  on  Long  hill  near  Stanley,  and 
on  Second  mountain,  south  of  Murray  Hill.     Continuing  south- 
west from  Summit,  the  best  timber  continues  to  be  on  the  west 
slope  of  the  mountain.     The  various  kinds  of  oak  prevail,  with 
chestnut,  hickor>-  and  the  other  usual  varieties.     For  the  most 
part  the  wood  is  poor  and  appears  to  be  stunted,  although  it  is 
claimed  that  it  can  be  profitably  cut  in  20  years,  but  our  exam- 
ination seemed  to  indicate  that  40  years  would  be  generally 
necessary,  and  even  then  the  growth  would  be  much  inferior  to 
that  of  the  adjoining  valleys.     Th^re  is  much  of  this  timber 
ranging   from    2    to   4   and   6   inches   in   diameter    and    10   to 
30   feet  in   height,    with    a   little   ranging   up   as   high    as    18 
inches  in  diameter  and   50  feet   high.     Continuing  southwest 
of  the  road  from  Basking  Ridge  to  Boimd  Brook,  the  timber 
becomes   still    poorer ;    the   trees    appear    to    be   old,    but   are 
short  and  stunted.     Continuing  on  around  to  Basking  Ridge^ 
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the  same  conditions,  generally,  prevail,  the  wood  being  mostly 
small,  but  with  a  few  large  trees.  Throughout  the  whole  extent 
of  the  ridges,  red  cedar  appears  to  be  abundant  about  the  edges 
of  the  clearings,  and  where  the  clearings  have  grown  up.  Not 
much  cutting  was  noted,  as  the  growth  was  too  small  to  make  it 
profitable.  The  woods  consist  of  oak,  hickory,  maple,  birch  and 
beech,  with  a  little  chestnut.  We  are  inclined  to  think  that 
the  general  inferiority  of  the  timber  of  the  trap  ridges  arises, 
partly  from  the  nature  of  the  trap-rock  soils,  and  partly  from 
the  fact  that  these  ridges  are  very  accessible  to  a  thickly-settled 
country,  where  timber  is  comparatively  scarce,  and,  in  conse- 
quence, cutting  has  probably  been  more  severe  than  elsewhere. 
As  a  result  of  these  two  causes  the  timber  is  deteriorating.  On 
the  whole,  the  tendency  on  these  ridges  seems  to  be  to  allow 
clearings  to  grow  up,  but  as  they  have,  within  a  few  years, 
become  occupied,  to  a  great  extent,  by  an  immigrant  population, 
this  tendency  may,  possibly,  be  reversed,  owing  to  different 
methods  of  farming.  It  may  be  mentioned,  in  this  connection, 
that  the  curious  fact  has  been  noted,  in  our  forest  studies,  that 
there  is  less  disposition  to  destroy  and  waste  the  forests  shown 
by  our  native  rural  population  than  by  the  immigrant  popula- 
tion from  countries  where  the  control  and  management  of  forests 
is,  on  the  whole,  far  superior  to  our  own  methods. 


HACKENSACK   VALLEY. 

The  red-sandstone  country  lying  between  Palisades  moun- 
tain on  the  east  and  Ramapo  and  Orange  mountains  on  the 
west  was  designated  by  us  the  Hackensack  valley,  in  the  "  Phys- 
ical Description."  Topographically,  it  is  all  one  valley, 
although  not  all  drained  by  the  Hackensack  river.  It 
includes  all  of  Bergen  and  Hudson  counties,  Passaic  county 
southeast  of  Paterson,  and  the  northeastern  corner  of  Essex 
county.  It  contains  a  large  urban  and  suburban  population, 
and  it  seems  somewhat  anomalous  that  it  should  also  include 
some  of  the  best  timber  of  the  State.  The  valley,  as  a 
whole,  has  30  per  cent,  of  its  upland  area  in  timber,  or,  in 
other  words,  61,000  acres  in  a  total  of  180,000  acres  of  upland. 
Bergen   county   has   39  per  cent,   in   timber,  Hudson  county 
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only  5  per  cent.,  the  Passaic  county  portion  9  per  cent.,  and  the 
Essex  county  portion  20  per  cent.  In  topographical  position 
this  timber  is  largely  confined  to  the  slopes,  level  valley  bottoms 
and  plateaus  being  mainly  under  cultivation.  These  cultivated 
portions,  however,  have  a  ver>^  liberal  allowance  of  scattering 
forest  trees,  orchards  and  other  planted  trees,  so  that  in  looking 
over  the  valley  from  an  elevation  it  appears  to  be  verj*  generally 
wooded.  The  really  forested  portion  ranges  through  all  con- 
ditions, from  a  ver>'  limited  amount  of  brush  and  stump  land  to 
heavy  timber.  Ver>^  little  of  it  is  now  cut  off  entirely,  most  of 
the  cutting  being  selected  trees,  so  that  the  considerable  amount 
of  timber  taken  out  each  year  is  scarcely  missed.  There  is  no 
wastefulness  apparent,  as  a  rule,  in  the  handling  of  the  forests. 
It  is  generally  a  mixed  deciduous  growth,  with  oak  predominat- 
ing in  the  lower  land  along  the  Hackensack,  while  chestnut 
prevails  on  the  higher  ridges  westward,  and  softer  woods,  such 
as  gum,  white  birch,  beech  and  maple  in  the  swamps.  Here 
and  there  are  few  scattering  hemlocks.  From  Closter  to  Engle- 
wood  there  is  much  red  cedar.  The  timber  is  usually  in  rather 
small,  isolated  areas,  not  often  reaching  100  acres  in  extent. 
There  is  a  tract  of  some  500  acres  along  the  Hackensack  near 
the  State  line.  Proceeding  southward  from  the  State  line,  across 
the  whole  width  of  the  valley,  there  is  a  gradual  decrease  in  the 
amount  of  timber.  The  growth  in  the  vicinity  of  Ramseys  to 
WyckofF  is  rather  mixed,  consisting  of  oak,  chestnut,  maple, 
beech,  elm,  white  birch,  red  cedar,  &c.,  in  all  stages  of  growth, 
from  brush  to  trees  80  feet  in  height,  but  there  is  a  notable 
absence  of  stump  land  or  new  clearing.  Near  Paterson  the  coun- 
tr}*  is  quite  deforested,  the  9  per  cent,  of  forest  in  the  Passaic 
portion  of  the  valley  consisting  mainly  of  small  patches  of  oak 
and  chestnut,  preserved  in  connection  with  fanns,  and  only  cut 
occasionally  and  sparingly  as  needed.  Most  of  the  groves  con- 
tain much  fine  timber,  and  are  generally  well  cared  for.  Proceed- 
ing southwest  into  Essex  county  the  wooded  area  is  increased  to 
20  per  cent,  and  is  somewhat  similar  to  that  described,  although 
the  timber  is,  as  a  rule,  not  so  good.  There  are  some  quite  large 
timl>er  areas  north  of  Belleville.  In  this  Hackensack  vallev,  as 
a  whole,  the  timber  is  probably  as  well  cared  for  as  in  any  other 
equally  large  section  of  the  State.  It  is  thrifty  and  healthy,  and 
suffers  comparatively  little  from  fires. 
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The  value  of  the  land  here  is,  of  course,  generally  much  too  high 
for  profitable  forestry.  In  well-located  places  it  is  worth  from  $400 
to  $1,000  per  acre,  where  it  is  still  sold  by  the  acre  instead  of  by 
the  foot.  In  a  few  out-of-the-way  places  it  ranges  lower,  but  is  in 
any  case  largely  independent  of  the  character  of  the  timber.  From 
inquirv',  it  was  estimated,  however,  that  the  timber  alone  was 
worth  from  $30  to  $50  per  acre  for  a  30-years'  growth,  and  in  pro- 
portion for  younger  timber,  but  old  timber  of  mixed  varieties 
is  worth  from  $100  to  $150  per  acre.  Swamp  land  timber  is  said 
to  be  rarely  worth  more  than  $20  per  acre.  In  the  vicinity  of 
WyckofF  we  obtained  the  following  general  prices :  Stump  land, 
$5  ;  20-years'  growth,  $15  to  $25  ;  30-years'  growth,  $25  to  $35  ; 
large  oak  and  chestnut,  $75  to  $100  per  acre.  About  Oakland, 
stump  land,  $3 ;  20-years'  growth,  $20 ;  30-years'  growth,  $30 ; 
large  mixed  growth,  $60.  In  such  inquiries  as  this  it  becomes 
quite  evident  that  many  of  the  estimates  given  are  based  on  the 
prevailing  rule  that  timber  will  produce  one  cord  of  wood  per 
acre  for  each  year  that  it  is  growing,  and  that  this  wood  is  worth 
about  $1  per  cord  on  the  stump,  as  was  determined  by  a  large 
number  of  written  inquiries  sent  out  by  the  Survey,  the  results 
of  which  were  published  in  the  Annual  Report  for  1885.  This 
rule  seems  to  prevail  all  over  the  State,  but  it  is  quite  evident 
that  it  cannot  be  equally  fair  for  all  sections,  although  probably 
a  good  working  average. 

A  few  tracts  claimed  to  be  original  forest  were  noted  in  the 
Hackensack  vallev.  One  is  half  a  mile  east  of  Hillsdale,  con- 
taining  about  30  acres  of  oak,  15  to  28  inches  in  diameter  and 
about  70  feet  high  ;  a  small  piece  of  oak,  one-half  mile  south  of 
Riverdale,  another,  one  mile  west  of  Englewood,  containing  oak 
from  15  to  30  inches  in  diameter  and  from  60  to  80  feet  high, 
and  another  piece  of  oak,  one  mile  northwest  of  Oradell,  on  the 
ridge.     It  is  noticeable  that  all  of  these  tracts  are  of  oak. 

Several  large  trees  were  noted  throughout  the  valley.  At 
Hohokus,  a  fine  elm  50  inches  in  diameter  and  80  feet  high, 
with  a  spread  of  branches  of  about  100  feet ;  one  mile  south- 
west of  Etna,  an  oak  46  inches  in  diameter  and  60  feet  high  ; 
in  an  old  clearing,  one  mile  northeast  of  Saddle  River,  two 
chestnuts  each  60  inches  in  diameter ;  on  the  estate  of  the 
late   Hon.   W.  W.    Phelps,   at   Teaneck,   two  oaks  40  inches 
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in  diameter;  at  Ridgewood,  a  chestnut  60  inches  in  diam- 
eter ;  at  Haworth,  a  chestnut  84  inches  and  another  78  inches 
in  diameter;  north  of  Areola,  a  chestnut  72  inches  in  diam- 
eter ;  at  Overton,  a  chestnut  76  inches  in  diameter.  Most 
of  these  chestnuts  are  only  remarkable  for  girth,  but  near 
Oradell  there  is  a  fine  chestnut  tree  63  inches  in  diameter  and 
55  feet  high  ;  at  the  forks  of  the  road,  a  little  over  one-half 
of  a  mile  north  of  Ramseys,  a  chestnut  60  inches  in  diame- 
ter and  50  feet  high  ;  another,  three-quarters  of  a  mile  north- 
west, 60  inches  in  diameter  and  45  feet  high.  Near  Cam|>- 
gaw  we  noted  a  chestnut  62  inches  in  diameter  and  60  feet 
high,  and  two  others  66  inches  in  diameter  and  50  and  60  feet 
high ;  north  of  WyckofF,  a  large  white-wood  36  inches  in 
diameter  and  80  feet  high ;  near  Wortendyke,  a  chestnut  48 
inches  in  diameter  and  65  feet  high.  Near  Paterson  chestnuts 
were  noted  36  to  60  inches  in  diameter  and  60  feet  in  height ; 
also,  two  large  black  walnuts,  near  the  river,  northeast  of  Pater- 
son, 42  inches  in  diameter  and  60  feet  high.  The  total  con- 
sumption of  saw-mills  in  this  district  was  ascertained  by  inquiry* 
to  amount  to  practically  2,400,000  feet,  board  measure,  of  lumber, 
and  besides  this  kindling-wood  factories  consumed  the  timber 
from  about  25  acres  annually.  The  whole  consumption  by  these 
mills  would,  therefore,  probably  not  exceed  the  growth  from  85 
acres  annually.  Besides  this  use,  however,  there  is  the  con- 
sumption for  railroad  ties,  telegraph  and  telephone  poles  and 
fuel,  the  amount  of  which  has  not  yet  been  ascertained. 

As  regards  the  succession  of  growth,  the  general  opinion 
seems  to  be  that  it  is  of  the  same  kind  as  that  cut  off,  although 
some  claim  that  white  oak  and  hickory  are  followed  by  a  more 
mixed  growth.  It  is  evident  that  since  cutting-off  of  entire 
areas  of  timber  seems  to  have  been  long  ago  abandoned  in  this 
vicinity,  and  most  of  the  cutting  is  by  culling  out,  there  cannot 
be  much  reliable  data  obtained  on  this  point ;  at  Moonachie, 
maple  is  said  to  have  succeeded  oak,  and  at  other  places  the 
succession  has  been  chestnut.  There  is  no  room  for  doubt,  how- 
ever, that  as  a  rule  abandoned  clearings,  which  have  once  been 
cultivated,  grow  up  in  red  cedar,  although  this  is  occasionally 
accompanied  by,  or  replaced  with,  white  birch. 
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Groves  of  planted  white  pine  may  be  seen  on  the  estate 
of  the  late  William  Walter  Phelps,  and  also  one  mile  east  of 
Saddle  River,  south  of  the  road  from  Ridgewood  to  New  Mil- 
ford. 

PALISADES  MOUNTAIN. 

It  will  be  a  surprise  to  many  to  learn  that  this  ridge,  so 
near  to  the  large  cities,  and  in  the  most  populous  section  of 
the  State,  is  so  well  wooded.  From  the  State  line,  south  to 
Edgewater,  a  distance  of  13  miles,  and  for  a  width  of  i^ 
miles  back  from  the  bank  of  the  Hudson,  practically  90  per 
cent,  of  the  whole  area  is  well  timbered.  The  forest  covers 
an  unbroken  tract  of  11,000^  acres.  Beginning  at  the  State 
line  and  extending  to  i  mile  below  Huyler's  landing,  we 
have,  on  the  talus  slope  along  the  river,  a  mixed  deciduous 
growth,  mainly  chestnut  and  oak,  from  30  to  60  feet  high,  varied 
with  pine  and  hemlock  near  Huyler^s  landing.  We  give  here, 
as  elsewhere,  only  the  prevailing  timber,  but  in  reality  this 
whole  Palisades  forest  includes  a  large  number  of  varieties. 
Further  down,  to  Linwood,  the  growth  on  the  talus  is  more 
irregular,  containing  a  fair  proportion  of  oak  and  chestnut  of 
good  size,  with  scattering  hemlock.  From  Linwood  to  Fort  Lee 
the  talus  is  well  wooded,  some  good  white  pine  being  found,  but 
oak  and  chestnut  prevail.  From  Fort  Lee  to  Edgewater  the 
river  slope  of  the  ridge  is  well  timbered,  but  a  strip  of  land  along 
the  river,  at  the  foot,  has  been  cleared  and  occupied  by  residences. 
On  the  flat  top  and  upper  portion  of  the  western  slope  of  the 
mountain,  from  the  State  line  to  Edgewater,  if  we  except  some 
red  cedar  near  the  State  line,  the  growth  is  practically  of  mixed 
deciduous  varieties,  mostly  oak  and  chestnut.  This  timber 
ranges  from  undergrowth  to  trees  40,  60  and  80  feet  in  height. 
Diameters  of  from  20  to  30  inches,  and  heights  of  from  60  to  80 
feet,  are  not  at  all  uncommon,  especially  from  Huyler's  landing 
to  Edgewater.  Taken  as  a  whole,  there  are  not  many  finer  belts 
of  timber  in  the  State.  The  land  is  largely  held  in  such  a  way 
that  there  is  comparatively  little  danger  of  wholesale  deforesting, 
but  this  beautiful  forest  has  almost  as  good  a  claim  to  future 
preserv^ation  as  the  escarpment  of  the  Palisades.  South  of  Edge- 
water  the  ridge  is  practically  a  city  to  Bergen  Point,  and  entirely 
deforested. 
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REMAINDER   OF   GI.ACIATED   RED  SANDSTONE. 

In  the  four  topographical  subdivisions  last  considered,  viz., 
the  Passaic  Valley,  Watchung  Mountains,  Hackensack  Valley 
and  Palisades  Mountain,  we  have  included  all  of  the  glaciated 
red  sandstone  except  the  portion  east  of  the  Watchung  mountains, 
extending  from  Newark  and  Orange  southwest  to  the  moraine 
at  Plainfield  and  Perth  Amboy.  This  remaining  country,  drained 
by  the  Elizabeth  and  Rahway  rivers,  is  heavily  covered  with 
drift  in  irregular  hummocks  and  ridges,  and  is  not  specially 
adapted  for  agriculture,  but  is  being  occupied  by  suburban  homes 
in  the  north,  while  southerly  it  is  the  well-known  clay  district 
of  Middlesex  county.  In  general,  about  25  per  cent,  of  the 
upland  area  is  in  forest. 

North  of  Westfield  and  Fanwood  chestnut  prevails,  mixed 
with  oak,  hickory,  maple,  etc.  The  wood  looks  thrifty.  Some 
is  less  than  20  years  old,  but  more  is  older,  and  averages  from  6 
to  14  inches  diameter,  and  40  to  65  feet  high.  Just  northwest 
of  Westfield  some  trees  ran  up  to  24  inches  diameter  and  70  feet 
high.  Northwest  of  Cranford  some  ranged  from  4  to  12  inches 
diameter  and  40  to  50  feet  high,  some  6  to  12  inches  by  45  to  55 
feet,  and  a  few  large  trees  were  mixed  in  which  ranged  up  to  20 
inches  by  70  feet.  Along  Rahway  river  the  timber  is  small, 
having  been  culled  out.  In  the  swamp  at  Union  it  is  poor,  with 
much  white  birch.  North  of  Roselle  it  was  6  to  24  inches  and 
50  to  75  feet  high  with  some  few  pieces  smaller,  but  all 
healthy.  All  of  the  above  is  oak,  chestnut  and  hickor>',  princi- 
pally. 

Southeast  of  Fanwood  it  is  of  the  same  general  character ; 
large  and  thrifty.  Near  Netherwood  it  is  a  little  smaller. 
Southward  from  Westfield  and  Cranford  the  same  general  condi- 
tions prevail,  but  the  timber  of  Ash  swamp  is  smaller,  2  to  14 
inches  bv  from  20  to  60  feet.  Southeast  of  the  Pennsylvania 
railroad,  between  Rahway  and  Elizabeth,  pieces  of  timber  ranged 
as  follows :  2  to  6  inches  by  20  to  40  feet ;  6  to  24  inches  by  50 
to  60  feet ;  6  to  20  inches  by  40  to  50  feet ;  and  8  to  14  inches 
^^y  35  t^  55  ^^^^'  Near  New  Dover  the  smallest  timber  ranged 
2  to  7  inches  in  diameter  by  10  to  20  feet  high,  and  the  largest 
8  to  24  inches  by  40  to  70  feet.  The  various  parcels  ranged 
through  all  intermediate  sizes. 
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An  oak  along  road  north  of  New  Dover  measured  4  feet  one 
way  and  5  feet  the  other  way,  2  feet  above  the  ground.  It 
branched  5  feet  above  ground,  having  a  spread  of  branches  of  75 
feet,  and  was  50  feet  high. 

Along  the  Pennsylvania  railroad  southwest  from  Iselin,  a 
small  piece  of  timber  showed  150  trees  per  acre,  from  6  to  24 
inches  in  diameter  and  50  to  70  feet  high,  including  chestnut, 
oak  and  hickory. 

North  of  Woodbridge,  to  Rahway  river,  the  condition  of  the 
forest  is  very  similar  to  that  heretofore  described ;  and  it  com- 
prises oak,  chestnut  and  hickor>-  of  all  sizes,  ranging  up  to  24 
inches  diameter  and  75  feet  high.  Southward  there  are  some 
conifers  mixed  with  the  deciduous  trees.  Near  Perth  Amboy  it 
appears  as  if  most  of  the  larger  trees  have  been  culled  out  of  the 
standing  timber. 

UNGLACIATED    RED  SANDSTONE. 

Passing  southwest  of  the  moraine,  which  crosses  from  Fan- 
wood  through  Metuchen  to  Perth  Amboy,  we  enter  immediately 
an  agricultural  district.  The  change  is  sudden  and  striking. 
The  forest  area  suddenly  drops  from  about  30  to  10  per  cent,  of 
the  total  area,  this  consisting  almost  exclusively  of  small  wood- 
lots  attached  to  farms  and  husbanded  for  fuel,  fencing  and  other 
domestic  uses.  Much  of  this  is  fine  timber — as  good  as  any  in 
northern  New  Jersey. 

East  of  Bonhamtown,  in  the  clay  district,  the  timber  is  small, 
appearing  as  if  the  larger  trees  had  been  culled  out.  Much  of 
it  is  2  to  6  inches  in  diameter  by  10  to  30  feet  high,  with  a  small 
number  of  larger  trees,  up  to  16  inches  diameter. 

Near  Piscataway  there  has  been  much  cutting  within  15 
years  or  so,  and  the  \'oung  growth  has  started  up  too  thick.  A 
few  large  trees  are  left  standing.  Some  timber  i^  6  to  24  inches 
diameter  by  40  to  60  feet  high.  Going  toward  Stelton,  some 
trees  36  inches  in  diameter  were  noted.  Chestnut  prevails, 
with  some  oak  and  hickory.  A  maple  tree  near  Piscataway 
measures  42  inches  diameter  and  50  feet  high.  A  chestnut  near 
Bonhamtown,  at  2  feet  above  ground  measures  54  by  90 
inches  diameter  and  50  feet  high,  with  a  spread  of  branches  of  50 
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feet.     An  oak  near  the  same  place  measures,  at  2  feet  above 
ground,  54  by  66  inches  diameter  and  60  feet  high. 

In  Piscataway  township  many  red  cedars  were  noted  standing 
along  fence  lines  or  in  old  clearings.  The  timber  is  all  in  small 
clumps  attached  to  farms,  and  there  is  evidence  that  originally 
it  was  heavy.  Many  trees  still  standing  range  up  to  18  inches 
diameter  and  60  feet  high.  There  is  much  white  oak,  with  all 
other  varieties  of  oak,  hickory,  gum,  beech,  maple,  etc.,  but 
ver>'  little  chestnut. 

Mr.  William  McAdam,  living  near  the  Dismal  swamp,  north- 
west of  Metuchen,  mentions  a  i6-acre  tract  of  original  timber  in 
the  swamp.  In  it  are  trees  that  will  square  6  inches  at  60  feet 
from  the  ground.  It  consists  of  white  oak,  pin  oak  and  hickory*. 
Some  trees  are  80  feet  high.  One  white  oak  was  cut  which 
measured  8  inches  diameter  75  feet  from  the  ground,  and  another 
16  inches  at  56  feet  high.  He  says  that  through  that  country- 
from  50  to  100  telegraph  poles  per  acre  can  be  got,  but  this 
leaves  little  cord-wood.  An  acre  will  yield  from  20  to  40  cords 
of  wood,  and  $40  per  acre  is  a  fair  average  value  for  timber. 
He  gets  $10  each  for  telegraph  poles  60  feet  long  and  6  to  7 
inches  diameter  at  top,  and  $4  apiece  for  poles  35  feet  long, 
delivered  on  the  cars. 

He  also  mentioned  a  hickor>'  tree  which  was  6  inches  diame- 
ter 70  feet  from  the  ground.  A  piece  of  oak,  30  years  old, 
which  he  pointed  out,  was  from  4  to  7  inches  in  diameter.  He 
says  there  is  much  valuable  timber  in  that  part  of  Middlesex 
county  which  does  not  appear  good  imtil  closely  examined, 
because  of  the  small  growth  about  the  edges  of  the  woodland. 

In  Franklin  township,  Somerset  county,  conditions  are  similar 
to  those  just  described  for  Piscataway  township.  Near  East  Mill- 
stone, a  tract  showed  210  trees  per  acre,  measuring  6  to  24  inches 
diameter  by  50  feet  high. 

Between  Rocky  Hill,  Griggstown  and  Sand  Hills,  on  the  trap 
and  gravel,  there  are  considerable  forest  areas.  That  on  the 
Sands  Hills  is  mostly  chestnut.  The  various  lots  range  in  size 
from  2  to  8  inches  diameter,  and  10  to  30  feet  high,  up  to  5 
to  13  inches  diameter,  and  25  to  50  feet  high.  The  best 
tinil^er  appears  to  1)e  near  Griggstown. 

An  oak  tree,  near  Franklin  Park  station,  measured  52  inches 
diameter,  and  about  50  feet  high.     Timber  near  here  ranged 
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from  4  to  28  inches  diameter,  and  was  about  50  feet  high, 
principally  of  oak  and  hickor>',  with  a  little  chestnut. 

Near  Finderne  there  are  four  chestnut  trees  in  a  cluster,  over 
30  inches  in  diameter,  and  40  feet  high.  These  are  on  a  gravel 
terrace.  Chestnut  is  almost  unknown  on  red-shale  soil.  An  oak 
tree,  near  the  above  chestnuts,  measures  52  inches  diameter. 
Another,  further  south,  is  66  inches  in  diameter,  55  feet  high  and 
with  a  spread  of  limbs  of  90  feet.  North  of  Hillsboro  station  a 
wild  cherry  is  52  inches  diameter,  and  about  50  feet  high. 

On  the  plain  between  Millstone  river  and  Sourland  mountain, 
along  the  Philadelphia  and  Reading  railroad,  there  is  ver>'  little 
forest.  The  largest  piece,  southwest  of  Millstone,  is  about  half 
as  large  now  as  it  is  shown  to  be  on  the  topographical  map.  The 
trees  of  the  various  lots  run  in  size  from  2  to  10  inches  diameter 
up  to  8  to  30  inches,  and  are  mainly  white  oak  and  hickor>*. 

Southeast  of  Somerville  is  Pigeon  swamp,  a  tract  of  original 
forest,  containing  about  250  acres,  and  the  heaviest  timber  in 
this  section. 

On  the  end  of  Rocky  Hill,  near  Hopewell,  the 'timber  is  light, 
3  to  10  inches  diameter  and  40  feet  high.  It  improves  going 
eastward,  is  good  about  Mt.  Rose,  but  further  east  is  again  poor, 
has  all  been  cut  over,  and  what  is  left  ranges  3  to  14  inches 
diameter  and  30  to  45  feet  high,  appearing  to  be  not  ver>'  thrifty. 
Although  chestnut  does  not  grow  on  the  surrounding  red  shale, 
it  is  prevalent  over  this  and  the  other  trap  ridges.  The  end  of 
the  ridge  just  west  of  Millstone  river  has  many  trees  which 
average  about  9  inches  diameter  by  45  to  50  feet  high,  but  there 
is  also  a  good  deal  of  brush  and  young  sprouts,  or  thin  stands  of 
trees. 

A  small  tract  of  original  forest  just  west  of  Millstone  river  and 
south  of  Rocky  Hill  village  gave,  by  actual  count,  163  trees  per 
acre,  measuring  10  to  24  inches  diameter  and  40  to  60  feet  high. 
One-twelfth  were  chestnuts  and  the  rest  oak. 

Twin  chestnut  trees  east  of  Cedar  Grove,  forked  3  feet  above 
ground,  one  was  36  and  the  other  33  inches  in  diameter  and 
both  about  55  feet  high. 

Along  Stony  brook,  about  a  mile  above  Moore's  Station,  is  an 
•oak  which  is  mentioned  in  records  dated  1697. 
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A  beech  near-by  measures  36  inches  diameter  at  ground  and 

29  inches  10  feet  above,  is  40  feet  high  and  has  a  spread  of 
branches  of  75  feet. 

From  HopeweU  and  Pennington  southwest  to  the  Delaware, 
the  trees  in  some  lots  run  from  2  to  8  inches  diameter  by  20  to 

30  feet  high,  and  in  other  lots  from  6  to  20  inches  diameter  and 
40  to  60  feet  high.  There  has  been  considerable  cutting  of  tim- 
ber, but  no  clearing  of  land  for  cultivation. 

From  Pennington  to  Trenton  the  timber  does  not  differ  from 
that  on  the  red  sandstone  soil  which  we  have  previously  de- 
scribed, excepting  that  it  is  perhaps  more  thrifty.  Near  the 
State  Asylum  are  trees  measuring  from  6  to  48  inches  in  diam- 
eter and  65  feet  high.  Good  timber  was  also  observed  near 
Trenton  Junction.  East  of  Ewingville  is  a  tract  comprising 
some  400  acres,  principally  oak  and  chestnut,  with  some  hickor>', 
beech  and  maple.  A  part  of  this  is  fine  timber,  6  to  36  inches 
diameter  and  55  to  70  feet  high.  The  chestnuts  run  up  to  a 
good  height  without  branching.  A  coimt  gave  255  of  these  trees 
to  the  acre. 

Large  trees  were  noted  in  this  district  as  follows :  East  of 
Somerset,  on  a  hill,  a  hickor>'  42  inches  diameter  and  70  feet 
high,  with  a  spread  of  branches  of  40  feet,  the  lowest  branches 
being  9  feet  from  the  ground  ;  near  Hillcrest  station,  an  oak  36 
inches  diameter  and  50  feet  high,  with  a  spread  of  100  feet ; 
north  of  the  400-acre  tract,  near  Ewing\alle,  a  pin  oak,  72  inches 
diameter  two  feet  above  ground,  and  42  inches  diameter  near  the 
forks,  ^Yz  feet  up,  with  a  height  of  55  feet  and  a  spread  of  60 
feet ;  and  in  front  of  the  Presbyterian  parsonage,  at  Lawrence- 
ville,  two  oaks,  the  easterly  one  measuring  54  by  66  inches  in 
diameter  two  feet  from  the  ground  and  the  westerly  one  51 
inches  diameter.  These  trees  stand  only  one  foot  apart  and 
their  branches  spread  from  40  to  60  feet. 

The  red-sliale  country,  extending  from  Somerv'ille  and  Flem- 
ington  northward  to  Peapack  and  the  Highlands,  is  deforested. 
Tlie  small  wood-lots  attached  to  farms  only  represent  about  3 
])er  cent,  of  the  entire  area.  There  are  scattering  trees,  hedge- 
rows, orchards,  and  strips  of  timber  in  the  little  ravines,  however, 
which  to  some  extent  make  up  for  this  lack  of  woodland.  The 
tinilx^r  is  mostly  oak  and  hickory,  and  there  are  many  large 
trees,  probably  of  the  original  forest. 
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West  of  Raritan  and  north  of  the  railroad  the  timber  contains 
some  old  trees  up  to  24  inches  in  diameter  and  60  feet  high,  but 
the  most  of  it  averages  8  inches  in  diameter.  South  of  the  rail- 
road is  some  heavy  timber,  from  18  to  42  inches  diameter  and 
50  to  60  feet  high,  and  a  count  gave  204  trees  per  acre. 

At  the  mouth  of  Middle  brook,  north  of  Burnt  Mills,  is  the 
McDowell  tract,  from  which  the  timber  has  recently  been  cut. 
The  trees  ran  from  8  to  36  inches  in  diameter,  and  a  count  gave 
95  oaks,  95  hickories  and  6  maples  to  the  acre,  196  trees  in  all. 
One  tree  was  sold  recently  for  $16,  at  the  rate  of  one  and  one- 
half  cents  per  foot,  which  would  make  the  tree  yield  1,066  feet 
B.  M.  Two  years  ago  the  owner  was  offered  $500  for  10  acres  of 
timber.  A  piece  south  of  river  was  sold  for  $1,000,  and  con- 
tained 20  acres.  Tracts  north  contain  some  trees  as  large,  but 
they  are  not  so  numerous. 

Red  cedar  trees  are  numerous  in  this  country,  and  especially 
so  east  of  Mechanicsville.  In  nearly  all  cases  no  land  has  been 
permanently  cleared  for  cultivation,  and  verj'  little  has  been 
entirely  cut  off.     The  larger  timber  is  cut  out  as  needed. 

Serious  wash  or  erosion  of  the  soil  was  observed  between 
Greater  Crossroads  and  Lamington,  worse  than  has  been  observ^ed 
elsewhere  in  the  State.  About  a  mile  west  of  Readington  a 
tract  of  40  acres  has  been  cut  off  and  permanently  cleared  up. 
An  oak  stump  here  showed  190  rings  and  measured  30  inches 
diameter. 

North  of  Barley  Sheaf  a  count  gave  380  trees  per  acre,  meas- 
uring from  6  to  24  inches  diameter  and  40  to  50  feet  high.  Most 
of  these  were  14  to  18  inches  in  diameter.  Cushetunk  moun- 
tain has  not  much  heavy  timber.  It  ranges  from  4  to  16  inches 
in  diameter,  and  is  chestnut,  oak  and  hickor>\ 

On  Sourland  mountain  the  area  of  forest  is  considerable,  aggre- 
gating over  10,000  acres,  but  it  is  not  heavy  timber,  perhaps 
mostly  from  6  to  15  inches  in  diameter.  It  is  mostly  oak,  hickory 
and  chestnut,  with  some  maple,  beech  and  other  varieties. 

In  the  valley  northwest  of  Sourland  mountain,  from  Fleming- 
tgn  to  Lambertville,  the  red  shale  is  deforested,  only  wood-lots 
remaining,  attached  to  fanns  and  representing  perhaps  5  per 
cent,  of  the  acreage.     The  trees  of  the  several  parcels  range  from 
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brush  20  or  30  feet  high  up  to  trees  8  to  30  inches  in  diameter 
and  40  to  60  feet  high. 

The  West  Hunterdon  plateau  has  more  forest ;  about  12  per 
cent,  against  3  or  4  per  cent,  on  the  lower  red-shale  country*.  The 
timber  is  also  better.  Near  Sergeantsville  it  runs  from  4  to  16 
inches  in  diameter  and  30  to  50  feet  in  height.  One  and  one- 
quarter  miles  west  there  is  original  forest,  the  oaks  running  up 
to  24  inches  in  diameter.  This  piece  also  has  white  pine  and 
common  pine  up  to  20  inches  in  diameter.  It  is  good,  heav\'  tim- 
ber. A  large  piece,  two  and  a  half  miles  east  of  Locktown,  is  also 
heavy.  It  is  owned  by  Mr.  Bearder,  who  allows  no  cutting.  It 
is  principally  oak  and  hickory,  8  to  24  inches  in  diameter  and  40 
to  60  feet  high.     A  count  showed  156  of  these  trees  to  the  acre. 

Other  pieces  of  oak  and  hickory'  near  the  above  were  8  to  20 
inches  in  diameter  and  40  to  55  feet  high,  counting  136  trees  to 
the  acre.  Much  of  the  forest  southwest  from  Headquarters  is 
original  forest.  The  trees  measure  from  6  inches  to  36  inches 
in  diameter  and  40  to  60  feet  high.  There  are  many  fine  oaks 
and  chestnuts. 

Northwest  of  Raven  Rock  is  some  excellent  timber,  from  8  to 
28  inches  in  diameter  and  upwards  of  50  feet  in  height.  Along 
Lockatong  creek  some  is  also  very  good. 

Southwest  of  Flemington,  a  piece  of  original  forest  contained 
160  trees  per  acre,  measuring  from  8  to  36  inches  in  diameter 
and  from  40  to  70  feet  high.  Some  run  up  40  feet  without 
branching.  It  is  said  that,  25  years  ago,  $100  per  acre  was 
offered  for  this  timber,  but  that  now  it  is  not  worth  over  $40  per 
acre.  It  is  oak,  hickory,  chestnut,  maple,  etc.  Near  by  is 
another  tract  of  30  acres,  mostly  hickory,  with  some  oak  and 
chestnut,  which  runs  from  8  to  18  inches  in  diameter  by  20  to  55 
feet  high.  An  oak  tree  near  by  measures  60  inches  in  diameter^ 
branches  10  feet  up,  and  has  a  spread  of  branches  of  50  feet. 

Along  Wickecheoke  creek,  north  of  Locktown,  the  trees  are 
6  to  24  inches  in  diameter,  mostly  pin-oak.  One  pin  oak  was 
noted  36  inches  in  diameter  and  50  feet  high. 

South  of  Oak  Grove  rtiere  has  been  some  clearing.  Timber  is 
good  but  thin.  At  one  place  there  were  136  trees  per  acre  8  to 
20  inches  diameter  by  about  40  feet  high.  Another  tract  gave 
204  trees  per  acre  8  to  24  inches  in  diameter  by  30  to  50  feet 
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high.  A  bit  of  original  forest  contained  200  trees  per  acre  from 
4  to  30  inches  in  diameter  and  40  to  60  feet  high. 

A  hickory-  stump  near  here  was  38  inches  in  diameter  and 
had  300  annual  rings,  as  near  as  they  could  be  counted.  It  was 
reported  that  40  acres  of  timber  had  been  sold  for  $1,000,  and 
the  same  parties  said  $80  per  acre  had  been  paid  near  White- 
house. 

Between  Oak  Grove  and  Baptistown  the  trees  ran  from  4  to 
14  inches  in  diameter  and  30  to  40  feet  high,  standing  close,  or 
with  thick  undergrowth.  Between  Kingwood  and  Locktown  a 
piece  of  original  forest  had  184  trees  per  acre  6  to  30  inches 
diameter  and  50  feet  high. 

On  the  slope  east  of  Cherr>'ville  some  forest,  said  to  be  origi- 
nal, has  trees  6  to  20  inches  in  diameter  and  40  to  55  feet  high. 
Between  Cherryville  and  Oak  Grove  there  is  some  still  better 
timber.  From  Quakertown  to  Croton  some  timber  is  good  and 
some  has  been  cut  off  within  15  years.  The  timber  is  chestnut, 
oak,  hickory,  maple,  and  considerable  pin  oak.  The  level  top 
of  this  plateau  is  known  as  **The  Swamp.''  Chestnut  is  not  as 
prevalent  up  here  as  it  is  on  the  surrounding  slopes. 

In  general,  the  forest  of  this  Hunterdon  plateau  is  perhaps  the 
best  of  the  State. 

PINES   BELT — NORTHWEST   BORDER. 

The  line  which  divides  the  deciduous  timber  from  the  conifer- 
ous, forming  the  northwesterly  border  of  the  pine  belt,  was 
carefully  examined  and  surveyed.  There  is  generally  quite  a 
broad  belt  of  mixed  timber  along  the  border,  so  that  we  have 
traced  upon  the  accompanying  map  both  the  northwesterly 
limit  of  the  timber  which  may  be  said  to  be  practically  all  pine, 
and  the  southeasterly  limit  of  that  which  is  all  deciduous. 
Between  these  lines  is  the  belt  of  mixed  deciduous  and  coniferous 
timber  to  which  we  have  referred,*  varying  in  width  from  a  few 
yards  to  eight  miles.  There  are,  however,  isolated  areas  in- 
cluded within  the  pine  district  which  are  much  mixed  with  oak. 
Some  of  the  older  residents  of  the  district  are  of  the  opinion 
that,  generally  speaking,  there  is  much  more  oak  than  there 
was  fgrty  years  ago.  Oak  usually  comes  up  to  replace  pine 
which  is  cut  off,  excepting  where  the  land  has  been  cultivated 
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for  a  time.  In  abandoned  clearings  the  growth  is  exclusively 
pine. 

East  of  the  New  Jersey  Southern  Railroad,  in  Monmouth 
county,  the  mixed  belt  is  mostly  oak  and  chestnut  of  all  grades, 
from  brush  up  to  merchantable  timber.  The  latter  term  is  here 
used  to  include  timber  suitable  for  heavy  railroad  ties  as  well  as 
larger  trees  suitable  for  sawing  into  dimension  timber.  In  the 
Hominy  hills,  south  of  Colt's  Neck,  it  is  mostly  pine,  little  of 
merchantable  size.  Westward  from  Fanningdale  to  Charleston 
Springs  it  is  quite  evenly  mixed,  the  merchantable  timber  being 
confined  to  the  vicinity  of  the  highway  from  Lakewood  to  Free- 
hold. From  Charleston  Springs  to  Homerstown  the  line 
between  pine  and  oak  is  quite  sharply  drawn,  the  pine  being 
generally  small  and  the  oak  of  merchantable  size.  Indeed,  the 
heaviest  oak  timber  seen  was  in  this  vicinity.  Proceeding 
southwesterly,  the  mixed  belt  retreats  eastward  to  Collier's 
Mills,  and  the  oak  lands  west  are,  as  usual,  well  cleared. 

Southwesterly  from  Collier's  Mills,  beyond  Brindletown,  pine 
predominates  in  the  mixed  belt  and  is  of  larger  size,  about  one-half 
merchantable.  Thence  to  New  Lisbon  it  is  more  evenly  mixed, 
but  of  smaller  size,  brush  and  light  timber. 

A  good  deal  of  land  has  been  cleared  just  west  of  Asbur>'  Park, 
but  thence  to  New  Lisbon  there  has  been  practically  no  clearing 
during  the  last  fifteen  years.  Thence  to  Clayton  there  are  a  few 
clearings  in  and  near  the  mixed  belt,  but  south  from  Clayton,  to 
Elmer,  they  are  more  numerous,  and  south  of  Elmer  a  good 
deal  of  territory  has  been  cleared  and  brought  under  cultivation, 
especially  around  Rosenhayn,  between  Bridgeton  and  Millville, 
and  east  of  Fairton. 

Continuing  from  New  Lisbon  southwesterly,  we  find  ver\* 
little  merchantable  timber.  Southeast  from  Medford,  at  Indian 
Mills  and  Tabernacle,  there  is  a  notable  southeasterly  encroach- 
ment of  the  oak  and  clearings,  upon  the  pine  belt.  The  mixed 
timber  here  has  been  cut  verv  close,  and  what  remains  is  niostlv 
brush.  It  is  little  tetter  anywhere  southwest  as  far  as  Williams- 
town.  Oak  brush  predominates  throughout,  accompanied  by 
much  small  tinil)er,  and  especially  just  south  of  Clementon. 
The  general  absence  of  good  timber  near  the  clearii^s  here  is 
probably  attributable  to  close  cutting  for  firewood   and   other 
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local  uses.  The  same  conditions  obtain  near  Elmer,  Bridgeton 
and  eastward,  and  especially  around  Rosenhayn.  Wherever 
there  is  much  clearing  most  of  the  older  timber  has  been  cut 
out,  leaving  brush  from  two  to  fifteen  feet  high. 

From  Williamstown  to  Elmer,  however,  there  is  much  better 
timber  in  the  mixed  belt,  especially  to  the  northeast  of  a  line 
joining  these  two  places,  oak  prevails,  and  there  is  a  fair  propor- 
tion of  merchantable  timber.  About  Janvier  there  is  the  same 
severe  cutting  that  has  been  noted  above. 

Southeast  of  Alloway,  in  Salem  county,  and  considerably  to 
the  westward  of  the  general  limit  of  coniferous  forests,  there  is 
an  isolated  tract  of  timber  well  mixed  with  coniferous  trees, 
although  oak  preponderates.  There  is  a  fair  proportion  of  mer- 
chantable timber  here,  although  it  is  not  so  good  as  the  exclu- 
sively deciduous  timber  which  surrounds  it,  the  latter  being 
scattered  over  a  highly  cultivated  countr>^,  in  small  groves  and 
hedgerows. 

Generally,  in  the  foregoing  description,  we  have  used  the  term 
**oak''  as  synonymous  with  '*  deciduous.'*  No  real  error  can 
result  from  this,  for  it  is  true  that  oak  largely  outnumbers  all 
other  kinds  in  the  deciduous  forest.  Chestnut  occurs  also,  how- 
ever, well  scattered  throughout,  from  Asbury  Park  to  Delaware 
bay. 

A  plantation  of  grafted  chestnut  trees  was  observed  in  Camden 
county,  just  south  of  Point  Pleasant  and  about  three  miles  south- 
east of  Spring  Mills.  Among  the  coniferous  trees  a  few  scatter- 
ing white  pines  were  noted  between  Asbury  Park  and  New 
Eg>'pt. 

Generally  speaking,  however,  the  coniferous  trees  consisted  of 
white  cedar  in  the  swamps  and  two  varieties  of  pine  on  the 
upland  ;  viz.,  the  common  pitch  pine  {P,  rigidd)  prevailing  ever\'- 
where,  and  the  hemlock  pine  (/^.  virginiand)  which  was  first 
observed,  when  going  southwest  along  the  pine  border,  at  a  point 
east  of  Pemberton  ;  also  scattering  trees  were  seen  about  Taber- 
nacle and  Indian  Mills.  At  Cedar  Grove,  on  the  Cohansey,  this 
species  became  more  numerous,  and  between  Bridgeton  and 
Millville  nearly  all  of  the  pines  seen  were  of  this  kind. 

It  will  be  noted  that  the  map  Plate  III  indicates  Maurice 
river  as  the  western  limit  of  the  exclusively  coniferous  forest  in 
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Cumberland  county.  Not  only  is  there  a  liberal  mixture  of 
deciduous  trees  west  of  this  limit,  but  new  clearings  are  more 
numerous  and   P,  virginiana  prevails  instead  of  P.  rigida. 

An  inquir}^  was  begun  to  detennine  the  extent  of  clearing 
within  the  pine  belt  in  order  to  establish  present  tendencies.  A 
careful  survey  of  the  clearings  was  made  when  the  topographic 
survey  was  executed.  In  the  pine  belt  this  was  from  1883  to 
1886,  and  most  of  the  work  was  done  in  1884  and  1885.  A 
re-survey  at  this  time,  therefore,  will  show  the  extent  of  clear- 
ing which  has  been  done  in  the  interval.  Such  a  re-survey  has 
been  made  at  Hammonton,  and  a  map  showing  the  results  has 
been  prepared.  It  shows  that  the  forest  area  has  been  ver\' 
materiallv  diminished.  The  same  is  true  of  most  of  the  countr\' 
along  the  New  Jersey  Southern  Railroad  all  the  way  from 
Hammonton  to  Bridgeton,  especially  at  Cannel,  Vineland  and 
Rosenhayn.  Along  the  lines  of  the  Camden  and  Atlantic,  and 
Atlantic  City  railroads,  from  Hammonton  to  the  coast,  the  s^me 
conditions  prevail.  Other  centers  of  clearing  are  Richland  and 
Woodbine.  Most  of  the  clearing  is  south  of  Mullica  river — there 
is  little  or  none  north.  A  few  clearings  have  been  allowed  to 
grow  up  again,  but  not  enough  to  appreciably  affect  the  tendency 
to  increase  the  cleared  land. 

If  present  tendencies  continue  it  seems  plain  that  most  of  the 
land  west  of  the  limit  of  exclusively  coniferous  forest  will  be 
cleared  up,  or  at  least  the  forest  will  be  divided  up  into  small 
parcels. 

Within  the  pine  belt  there  will  be  a  broad  belt  of  cleared  land 
extending  from  Hammonton  to  Absecon,  another  along  the  New 
Jersey  Southern  Railroad,  southwest  of  Hammonton,  and  the 
extension  of  the  large  cleared  area  at  Vineland  and  southerly  to 
Woodbine  will  leave  the  pines  divided  into  two  tracts,  the  one 
lying  in  the  Great  Egg  Harbor  water-shed  and  the  other  north  of 
Mullica  river,  extending  to  Lakewood.  Within  the  limits  of 
these  areas,  there  is  no  observable  tendency  to  extensive  clear- 
ing. The  forest  is  almost  unbroken.  It  will  be  observed  that 
these  are  also  the  tracts  where  the  severest  fires  rage  at  present. 
It  may  l)e  suggested  that  these  are  proper  fields  for  something  like 
systematic  forestry,  or  at  least  for  the  inauguration  of  permanent 
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measures  to  prevent  fires.  The  remainder  of  the  pine  district  is 
gradually  but  very  steadily  being  broken  up  into  small  parcels 
by  clearings,  in  such  a  way  that  fires  will,  in  time,  cease  to  be  of 
very  great  importance.  The  tendency  to  clear  up  and  bring 
under  cultivation  the  better  soils  of  the  pine  belt  must  be 
regarded  as  fortunate  from  every^  point  of  view.  These  better 
soils  will  produce  more  under  cultivation  than  they  possibly 
could  in  forest,  and  the  breaking-up  of  this  great  belt  of  timber 
into  sections  will  make  it  easier  to  deal  with  fires.  There  is  an 
unfortunate  prevalence  of  fires  from  carelessness  about  the  clear- 
ings, but  there  seems  to  be  existing  legislation  enough  to  deal 
with  this  question  if  the  laws  are  enforced. 

The  importance  of  preserving  some  belts  of  timber  throughout 
this  ground  that  is  being  cleared  up  should  be  emphasized,  how- 
ever. They  will  be  ver>'  valuable  as  wind-breaks,  and  it  is  quite 
possible  that  there  will  be  a  material  change  in  the  mildness  of 
the  climate  of  this  section  unless  a  reasonable  amount  of  timber 
is  preserved.  The  importance  of  leaving  a  good  belt  of  timber 
along  the  streams  is  especially  great.  This  needs  to  be  done^ 
especially  in  the  case  of  the  Great  Egg  Harbor  and  Maurice 
rivers,  as  it  is  on  these  water-sheds  that  most  of  the  clearing  is 
being  done.  The  better  soils  here  are  usually  on  the  higher 
ground,  so  that  there  should  be  little  opposition  to  preserving 
the  forests  near  the  streams.  These  streams  are  now  developed 
to  an  important  extent  for  water  power,  and  are  likely  to  be  still 
further  developed  in  this  direction.  They  have  also  a  possible 
future  value  for  water-supply,  and  the  preservation  of  such  bor- 
dering belts  of  timber  would  be  a  valuable  safeguard  in  main- 
taining their  purity.  At  least  75  per  cent,  of  their  water-sheds 
can  be  cleared  and  brought  under  cultivation  without  seriously 
endangering  the  streams,  because  of  peculiarities  which  were 
pointed  out  in  the  Report  on  Water-Supply.  The  primary 
reason  is  that  the  rain  falling  upon  the  sand  and  gravel  soil  sinks 
at  once  into  the  ground  and  thence  finds  its  way  gradually  to  the 
stream  lines.  To  appreciate  the  great  difference  in  this  respect 
from  the  red  sandstone  or  Highlands  district  of  northern  New 
Jersey  it  is  only  necessary  to  compare  the  topographical  maps  of 
the  two  sections.     In  the  north  there  will  be  observed  a  very 
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large  number  of  small  tributaries,  and  generally  one  cannot  go 
far  in  any  direction  without  coming  to  a  running  brook,  but  in 
the  pine  belt  there  are  quite  large  areas  of  the  higher  ground 
with  no  visible  streams. 


FIRES   IN   THE   PINE   FOREST. 

We  have  noted  previously  that  some  damage  is  done  by  fires 
in  the  deciduous  forest.  This  damage  is  confined  principally  to 
Kittatinny,  Bearfort,  Green  Pond  and  Copperas  mountains  and 
the  extreme  northern  Highlands.  The  fires  in  the  deciduous 
forests  are  usually  confined  to  small  areas.  In  the  pine  forests 
of  Southern  New  Jersey,  however,  extensive  fires  occur  ever>* 
summer.  Any  one  who  has  witnessed  a  fire  under  full  headway 
in  this  country'  must  have  been  impressed  with  its  grandeur,  its 
irresistible  fury  and  its  disastrous  effects.  A  few  notes  of 
remarkable  fires  are  at  hand.  In  1866  a  fire  burned  over  10,000 
acres,  extending  seven  miles  inland  from  Tuckerton  and  West 
Creek.  In  1870  and  1871  nearly  the  whole  wooded  portion  of 
Bass  River  township,  Burlington  count}',  was  burned  over.     In 

1 87 1  two  fires  in  Ocean  county  burned  over  30,000  acres.     In 

1872  a  fire  burned  over  from  15  to  20  square  miles,  worth  before 
the  fire  from  $10  to  $30  per  acre,  and  after  from  $2  to  $4.  In  a 
paper  on  forest  fires,  by  Mr.  Charles  E.  Elmer,  in  the  Report  of 
State  Board  of  Agriculture  for  1874,  he  says  of  the  rear  1872 : 
**  To  assume  that  100,000  acres  have  been  burned  over,  at  a 
money  loss  in  timber  of  $1,000,000,  would  surely  be  within  the 
bounds  of  truth.''  From  the  census  of  1880  we  have  for  that 
year  an  area  burned  over  of  71,074  acres,  with  an  estimated  loss 
of  $252,240,  which  is  certainly  a  ver}-  moderate  estimate,  and 
can  scarcely  include  any  allowance  for  loss  of  cedar  swamps. 
In  1885,  when  the  topographic  survey  was  in  progress,  some 
very  laro;e  fires  occurred  in  the  pine  district,  and  the  areas 
covered  were  noted  by  the  topographers.  One  burned  over  an 
area  of  60  square  miles,  near  Atsion,  in  Burlington  county ; 
another,  near  TViendship,  in  the  same  county,  covered  10  square 
miles,  and  another,  in  Ocean  county,  burned  over  not  less  than 
75  scjuare  miles  north  of  Barnegat.  The  total  of  these  three 
fires   is,    therefore,    145   square    miles,    but   several   other   fires 
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occurred  farther  south  in  the  State,  the  extent  of  which  was  not 
observed.  It  may  be  safely  estimated  that  the  whole  area 
burned  over  that  year  reached  200  square  miles,  or  128,000 
acres.  A  large  amount  of  cedar  swamp  was  destroyed  by  these 
fires,  and  $10  per  acre  would  not  more  than  cover  the  direct 
damage  to  timber,  making  the  loss  for  the  year  $1,128,000, 
nearly  equal  to  the  total  value  of  the  annual  lumber  production 
of  the  State. 

In  1895  Mr.  Gifford  reported  49  fires  in  this  district,  covering 
about  60,000  acres,  and  he  estimated  the  average  damage  at  $10 
per  acre,  or  $600,000  for  the  year.  Indeed  it  seems  that  the 
average  loss  for  many  years  past  must  have  been  in  excess  of 
this  figure,  and  it  would  appear  to  closely  approximate  if  not  to 
exceed  the  yearly  increase  of  value  due  to  the  growth  of  the 
pine  forest.  The  loss  is  much  more  than  the  mere  value  of  the 
wood.  The  soil  is  so  impoverished  by  these  periodical  burnings, 
which  deprive  it  of  all  vegetable  matter,  that  those  areas  most 
subject  to  fires  are  becoming  incapable  of  producing  timber. 
Considerable  damage  is  also  done  to  cranberry  bogs,  cedar 
swamps  and  other  improved  property. 

As  to  the  causes  of  these  fires,  it  would  seem  from  statistics 
which  have  been  gathered  that  approximately  one-half  are  due 
to  sparks  from  locomotives,  about  ten  per  cent,  are  incendiary 
in  origin  and  the  remaining  40  per  cent,  are  accidental,  arising 
largely  from  the  carelessness  of  hunters,  charcoal  burners  and 
persons  engaged  in  clearing  land  for  cultivation. 

In  the  following  22  pages  Mr.  GiSbrd  Pinchot  gives  the 
results  of  some  careful  studies  which  he  has  made,  first  as  to 
the  effect  of  forest  fires  in  general,  and  next  as  to  the  specific 
effects  upon  the  wood  production  of  our  pine  forests. 

Incidentally  Mr.  Pinchot  has  given  us  in  these  pages  a  fair 
representation  of  the  present  physical  condition  of  much  of  the 
pine  belt. 


The  Effects  of  Fire* 


The  hann  that  forest  fires  do  may  be  classified  as  follows :  ist^ 
damage  to  the  standing  timber ;  2d,  destruction  of  young  growth ; 
3d,  destruction  of  the  forest  floor ;  4th,  depreciation  in  the  value 
of  forest  property  ;  5th,  encouragement  of  theft  and  disregard  of 
the  rights  of  property,  and  discouragement  of  thrift  and  fore- 
sight among  the  people  where  fires  occur  ;  6th,  general  impover- 
ishment and  degeneration  of  the  regions  where  they  are  common- 

DAMAGE   TO  STANDING  TREES. 

The  damage  to  the  standing  timber  is  dependent  on  the  kinds 
of  trees  in  the  forest,  on  the  character  of  the  latter,  and  on  the 
time  of  the  year  when  the  fire  burns.  Young  hardwoods  suffer 
severely,  but  are  often  comparatively  prompt  in  recovery.  Pine 
forest  is  the  prevailing  type  in  South  Jersey,  and  its  relation  to 
forest  fires  is  of  special  interest.  One  of  the  distinguishing  char- 
acteristics of  the  Pitch  Pine  is  its  ability  to  resist  fire  and  to 
recover  after  severe  injury.  The  Shortleaf  Pine  is  also  able  to 
withstand  severe  fires,  but  its  recuperative  capacity  is  much  less 
than  that  of  the  Pitch  Pine.  In  each  case  the  trunk  is  covered 
with  a  thick,  corky  bark,  which  is  often  burned  till  it  is  charred 
without  apparent  injur}'  to  the  living  parts  of  the  tree.  The 
outer  bark  scales  off  after  a  time,  and  the  signs  of  fire  disappear, 
except  near  the  ground.  In  old  Pine  forests  a  light  surface-fire 
usually  does  but  little  damage  to  the  standing  timber.  Some- 
times, however,  if  the  forest  is  dense  and  there  is  a  heavy  matting 
of  litter  on  the  ground,  the  fire  burns  so  fiercely  that  the  trunks 
of  the  trees  are  seriously  damaged,  and,  in  the  case  of  small 
timber,  the  trees  may  be  killed.  The  same  is  true  where  the 
ground  is  covered  with  underbrush,  which  becomes  dry  and 
burns  with   intense  heat.     If  the  fire  runs  over  the  ground  in 
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spring  before  the  sap  begins  to  move,  the  damage  is  much  less 
than  after  the  season  of  vegetaion  has  begun.  Decay  frequently 
creeps  in  at  the  butt  of  severely  burned  timber. 


EFFECT   ox   CEDAR   SWAMPS. 

White  Cedar  is  extremely  sensitive  to  fire  and  is  easily  killed, 
especially  if  the  crown  is  affected.  As  a  rule,  however,  Cedar 
swamps  will  not  burn  except  in  the  early  summer,  when  it  is 
very  dr>^,  and  often  they  will  not  burn  even  then.  Wet  swamps 
burn  only  in  extraordinarily  dr>^  years,  or  when  an  unusually 
hot  fire  is  driven  through  the  trees  by  a  strong  wind.  The  trees 
on  the  edges  of  swamps,  however,  are  frequently  killed  before 
the  fire  is  stopped  by  the  damp  sphagnum  moss.  Sometimes 
the  larger  trees  are  not  killed  outright,  but  die  gradually, 
beginning  in  the  tops. 

INJURY  TO   YOUNG   GROWTH. 

The  larger  hardwood  trees  resist  fires  admirably,  and  are  killed 
only  in  the  case  of  very  severe  fires.  Young  growth  is  often 
killed  outright.  All  young  trees  are  more  sensitive  to  fire  than 
larger  ones,  because  the  bark  is  thin  and  delicate,  and  also 
because  the  branches  being  low  what  is  a  surface-fire  is  to  them 
a  crown-fire,  killing  their  tender  shoots.  Young  Pitch  Pine, 
however,  withstands  remarkably  severe  burning.  Frequently 
surface-fires  burn  up  to  the  crowns  of  small  Pitch  Pine,  scorch- 
ing the  lower  branches,  but  leaving  most  of  the  crown  intact, 
and  with  it  the  life  of  the  tree. 


INJURY   TO   THE   SOIL. 

One  injurious  effect  of  forest  fires  which  is  apt  to  be  neglected 
or  even  disputed  is  that  which  results  from  the  destruction  of 
the  layer  of  vej^etable  waste  and  mold  which  is  always  found 
on  the  j^round  in  undisturbed  forests.  This  forest  floor,  as  it  is 
called,  is  made  up  of  two  parts :  ist,  the  upper  wholly  or  par- 
tialh'  decayed  mass  of  leaves,  twigs,  and  other  vegetable  material, 
called  litter ;  and  2d,  the  thick,  brownish,  crumbly  mass  of  real 
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humus,  which  finally  is  intimately  mixed  with  the  mineral  soil. 
In  New  Jersey  the  upper  layer  of  litter,  which  becomes  exceed- 
ingly dry  and  burns  rapidly,  is  generally  looked  upon  as  a  posi- 
tive evil,  a  danger  to  the  welfare  of  the  forest.  This  has  led 
many  owners  of  forest  property  to  burn  their  land  ever}'  spring 
before  the  dry  season  commences,  and  thus  destroy  the  litter. 
Fires  are  in  this  way  prevented  from  burning  over  the  land  later 
in  the  season  and  injuring  the  timber.  Many  people  believe 
that  this  is  the  only  way  to  protect  their  land  from  fire.  As 
long  as  there  is  no  organized  fire  service,  this  annual  burning  of 
the  land  and  the  consequent  deterioration  of  the  forest  is  cer- 
tainly better  than  the  destruction  of  valuable  timber.  If,  how- 
ever, the  danger  from  forest  fires  can  be  reduced,  which  is  shown 
elsewhere  to  be  entirely  possible,  this  annual  burning  becomes 
unnecessary.  That  it  should  cease  is  extremely  desirable  in 
view  of  the  fact  that  in  the  majority  of  cases  it  is  an  actual 
injury  to  the  forest. 

An  occasional  light  surface-fire  can  do  comparatively  little 
harm  to  the  forest  aside  from  the  injur}'  to  young  growth,  for 
only  the  upper  layer  of  dried  leaves  is  burned  and  the  lower, 
more  valuable  humus  remains.  Severe  fires  destrov  the  whole 
of  the  forest  floor,  and  a  considerable  number  of  years  must  pass 
before  it  can  be  formed  again.  Continual  burning,  if  it  does  not 
actually  destroy  the  layer  of  humus,  prevents  new  humus  from 
forming,  and  what  is  left  finally  becomes  disintegrated,  and  the 
same  result  follows  as  though  it  were  destroyed  at  once.  What- 
ever may  be  said  of  individual  fires,  their  effect  as  a  whole  in 
South  Jersey  is  simply  disastrous. 

On  the  loose,  porous,  sandy  soil  of  southern  New  Jersey  what- 
ever tends  to  prevent  the  dr}-ing-out  of  the  surface  is  valuable, 
for  without  moisture  in  the  soil  all  other  factors  are  of  little 
consequence.  According  to  German  authorities,  humus  fonned 
under  conifers  is  capable  of  holding  four  or  five  times  its  own 
weight  of  water  without  losing  a  single  drop,  and  it  has  besides 
a  remarkable  power  of  absorbing  water}'  vapor  from  the  air.  A 
layer  of  humus  is  a  powerful  factor  in  preventing  evaporation, 
and  in  New  Jersey  this  dr}'ing-out  of  the  soil  is  one  of  the  most 
serious  effects  of  the  removing  of  the  forest  cover.  Prof.  Eber- 
maver,  of  the  Universitv  of  Munich,  has  established  by  actual 
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experiments  that  a  forest  soil  with  a  good  layer  of  humus  wll 
lose  two  and  one-half  times  less  water  by  evaporation  than  forest 
soil  where  the  humus  is  wanting. 

Humus,  by  mingling  intimately  with  the  mineral  soil,  adds  to 
it  a  proper  consistency  ;  it  makes  binding  soils  more  porous,  and 
loose  soils  more  tenacious.  It  moderates  the  extremes  of  tem- 
perature in  the  soil,  and  this  is  of  great  importance  in  sandy 
regions.  Not  only  does  humus  possess  the  power  of  absorbing 
water,  vapor  and  heat,  but  it  has  the  ability  to  absorb  some  of 
the  most  important  food  materials  of  plants  as  well.  Thus 
nitrates,  phosphates,  ammonia,  &c.,  are  held  in  solution  ready 
for  the  use  of  the  plants.  Without  humus  many  of  the  most 
important  mineral  materials  would  be  washed  away,  especially 
from  the  loose  soil  of  South  Jersey. 

Humus  acts  further  as  a  reserv^oir  from  which  food  materials 
may  be  obtained,  and  by  means  of  which  they  may  be  made 
ready  for  the  use  of  the  tree  in  growth.  The  final  products  of 
the  decomposition  of  the  humus  are  the  mineral  ashes,  carbonic 
acid  gas,  and  water.  Through  the  ashes  of  the  leaves,  twigs, 
etc.,  a  large  amount  of  the  most  important  materials  used  in  the 
manufacture  of  wood  are  returned  to  the  soil,  and  that  in  the 
most  usable  form.  The  carbonic  acid  gas  acts  powerfully  toward 
the  disintegration  of  the  soil  and  in  making  the  food  constitu- 
ents soluble,  and  in  many  sandy  soils  the  value  of  its  presence  is 
very  great.     Thus  the  humus  is  really  a  manure  to  the  forest. 

If  this  layer  of  vegetable  mold  is  destroyed  the  soil  is  impover- 
ished at  once.  It  loses  one  of  the  most  powerful  agents  in  its 
decomposition,  loses  its  activity  also,  and  finally  becomes  prac- 
tically dead.  In  Europe  it  has  been  long  recognized  that  the 
presence  of  humus  is  very  beneficial  to  the  forest,  and  its  absence 
disastrous.  This  has  led  to  laws  forbidding  the  removal  of  the 
litter  by  peasants.  The  experience  of.  the  Germans  has  taught 
them  that  when  the  litter  is  continually  taken  away  the  forest 
becomes  more  and  more  open,  the  sun\s  rays  and  a  freer  circula- 
tion of  air  are  admitted,  the  humus  disappears,  the  soil  dries  out 
and  the  trees  become  short,  scrubby,  and  short-lived.  Further, 
the  soil  eventually  becomes  so  impoverished  that  trees  which 
were  at  first  produced  are  replaced  by  less  fastidious  and  usually 
less  valuable  species.     Thus  in  many  parts  of  Germany,  where 
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formerly  haid woods  thrived,  now  Pine  is  the  only  species  that 
can  be  profitably  grown. 

It  is  not  necessary,  however,  to  go  to  Germany  to  see  the 
effect  of  the  destruction  of  humus  on  the  welfare  of  the  forest- 
Abundant  illustration  is  found  in  South  Jersey.  The  conditions 
are  somewhat  different  from  those  in  Europe,  for  there  the  litter 
is  removed  from  the  forest  by  the  peasants,  while  here  it  is 
burned  on  the  ground.  The  mineral  substances  remain,  but 
when  the  humus  is  destroyed  they  are  probably,  for  the  most 
part,  washed  away  in  the  deep  porous  sand. 

The  most  serious  injury  from  fire  in  New  Jersey  is  its  effect  on 
the  reproduction  of  the  forest.  Hope  is  frequently  expressed  for 
the  future  of  the  Pine  in  New  Jersey  because  the  Pitch  Pine 
springs  up  so  persistently  after  fire.  It  is  true  that  throughout 
the  fire-scarred  tracts  small  Pine  appears  in  great  profusion  after 
fires,  but  a  close  examination  reveals  the  fact  that  in  many  cases 
these  are  not  seedlings,  but  sprouts  from  the  stools  of  the  trees 
which  were  apparently  killed.  It  is  true  that  seeds  germinate 
quickly  on  the  sandy  soils  because  of  the  capacity  of  the  soil  to 
become  readily  heated.  But  where  the  bare  soil  is  exposed  to 
the  scorching  sun  and  wind,  as  on  large  stretches  of  land  in  the 
coastal  regions  of  South  Jersey,  it  is  difficult  for  seedlings  to  sur- 
vive. 


MORAL   EFFECT  OF   FIRES  ON   POPULATION. 

It  is  obvious  that  where  the  forest  is  constantly  exposed  to  fire 
and  there  is  no  adequate  protection,  its  value  must  be  greatly 
depreciated.  The  result  is  that  the  timber  is  often  cut  before 
its  maturity.  Landowners  believe  that  with  proper  protection 
against  fire  the  value  of  forest  property  will  be  greatly  increased. 

The  fires  have  been  so  abundant  that  the  people  have  come 
to  look  upon  them  as  inevitable,  and  there  is  a  deplorable  lack 
of  real  interest  among  land-owners  in  regard  to  any  attempt  to 
introduce  State  protection.  Large  tracts  of  land  are  owned  by 
non-resident  capitalists,  and  timber-stealing  is  very  common, 
especially  after  fires.  When  the  timber  is  killed  many  persons 
consider  it  better  to  use  the  dead  trees  for  cordwood  than  to  allow 
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them  to  rot  on  the  ground,  and  they  cut  such  timber  on  tracts 
of  land  to  which  they  have  no  right.  There  is  no  doubt  that 
forest  fires  encourage  a  spirit  of  lawlessness  and  a  disregard  of 
property  rights. 


Effect  of  Fire  on  the  Forest  Production^ 


All  who  are  familiar  with  the  conditions  of  South  Jersey  know, 
from  their  own  observation  or  from  what  has  been  written,  that 
forest  fires  are  very  common  and  enormously  harmful.  But  the 
extent  of  the  damage  is  not  often  fully  comprehended,  for  the 
devastated  lands  are  compai-ed  with  the  forests  which  are  now  in 
existence,  and  not  with  those  which  grew  originally,  and  which 
might  still  be  flourishing  if  the  land  had  been  protected.  It  was 
the  purpose  in  this  investigation  to  determine  by  actual  meas- 
urements the  condition  of  the  forest  on  burned  areas,  and  to 
compare  it  with  forest  which  had  been  protected  from  fire.  A 
large  number  of  sample  plots,  mostly  of  one  acre  each,  were  sur- 
veyed in  different  sections,  the  trees  carefully  measured,  and  notes 
were  made  of  the  height,  age,  density,  condition,  etc.  From 
these  valuation  surveys,  the  results  of  which  are  summarized 
below,  an  accurate  picture  of  the  forest  under  different  conditions 
can  be  obtained,  and  the  deterioration  of  the  forest  can  be  traced 
step  by  step  from  the  heavy  timber  200  years  old  to  the  barren 
wastes,  with  scattered  fire-scarred  Pine  sprouts  and  scrub  Oaks, 
which  are  so  abundant  in  South  Jersey. 

THE   ORIGINAL   TIMBER. 

The  greater  part  of  southeastern  New  Jersey  was  originally 
covered  with  a  heavy  growth  of  Pine.  The  poorer  soils  were 
probably  occupied  by  Pitch  Pine,  the  medium  and  better  soils 
by  Shortleaf  Pine  and  hardwoods  and  the  deep  swamps  by  Cedar. 

From  a  study  of  scattered  old  timber,  it  is  estimated  that  the 
original  mature  Pine  forest  yielded  on  an  average  from  five  to  ten 
thousand  board  feet  per  acre.  The  timber  was  about  150  to  200 
years  old  and  15  to  20  inches  in  diameter,  with  occasional  trees 
as  large  as  24,  or  even  30  inches.  The  average  height  of  the  old 
timber  was  65  to  70,  and  the  maximum  80  to  90  feet.     The 
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forest  was  open,  with  comparatively  little  undergrowth.  It 
probably  had  a  density  of  0.6  to  0.8,  if  we  consider  that  of  a  fully 
stocked  stand  to  be  i.e.  The  seventeen  sample  plots  in  the 
summary,  on  page  99,  show  the  condition  of  the  original  forest. 


SKCOND  GROWTH. 

When  this  timber  was  cut  off,  a  second  growth  of  Oak  and 
Pine  took  its  place  on  the  better  soils,  while  on  poor  soil  Pitch 
Pine  was  the  principal  species.  The  second  growth  was  chiefly 
of  seedling  origin. 

From  the  time  of  the  first  heavy  cutting,  fires  began  to  play 
an  increasingly  important  part  in  the  development  of  the  foresL 
When  the  young  trees  were  killed  back  by  cutting  or  burning, 
the  stumps,  both  of  the  hardwoods  and  the  Pitch  Pine,  sent  up 
sprouts.  Where  the  land  was  protected  from  fire,  seedlings 
returned  and  a  thrifty  second  growth  resulted,  but  when  fires 
continued  to  run  the  few  seedlings  which  crept  in  were  in  turn 
killed  back,  and  afterward  sprouted  again ;  many  trees  were 
entirely  killed ;  the  forest  became  thinner  and  thinner ;  the 
ground  clothed  itself  with  a  dense  growth  of  huckleberries,  scrub 
Oaks  and  dr>'-land  moss,  or  the  soil  was  completely  laid  bare ; 
and  land  which  once  produced  heavy  timber  was  made  almost 
worthless.  It  requires  but  a  glance  at  the  surveys  taken  on 
badly  burned  land,  /.  t\^  those  of  Table  3,  to  see,  in  the  number 
of  trees,  the  yield  per  acre,  and  the  density,  the  deplorable  con- 
dition of  the  forest. 


CONX'LUSIONS    DERIVED   FROM   THE   VALUATION   SURVEYS. 

For  the  acres  in  Table  3  the  density  averages  0.3,  the  number 
of  trees  per  acre  133,  and  the  yield  2.9  cords.  From  the  study 
of  second-growth  timl)er  which  has  not  been  burned,  it  is  clear 
that  the  density  would  be  0.7  to  0.8  if  the  tract  had  been  pro. 
tected  from  fire.  If  we  assume  that  the  trees  on  the  protected 
tract  were  sprouts  there  would  be  atout  three  times  as  much 
wood  per  acre.  If  the  trees  were  from  the  seed  there  would  be, 
at  forty  years  of  aj^j^e,  on  land  fully  stocked,  about  1,200  trees  and 
not  less  than  20  cords  per  acre,  or  about  six  times  as  much  as  is 
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now  produced.  Further,  the  timber  now  found  is  coarse  and 
knotty  and  fit  for  nothing  better  than  cordwood,  while  in  dense 
stands  the  trees  are  straight  and  clear  of  knots. 

The  burned  land  represented  by  the  acres  in  Table  3  is  then 
producing  about  one-third  of  the  volume  it  would  if  protected 
from  fire,  and  about  one-sixth  of  what  it  is  capable  of  yielding 
under  careful  management,  while  in  quality  and  price  the  wood 
is  very  much  inferior  to  the  product  of  a  healthy  forest  on  the 
same  ground. 

Summary  of  Forty-nine  Valuation  Surveys^  Showing  the  Dete- 
rioration of  the  Forest  Through  the  Effects  of  Fire, 

Tabic  I. 

ORIGINAL    FOREST. 
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Table  2* 

SECOND  GROWTH  ON  LAND  PROTECTED  FROM  PIRB. 
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Table  3. 

SECOND  GROWTH  ON  LAND  BADLY  BURNBD. 
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DESCRIPTIONS   OF   REPRESENTATIVE   AREAS. 

The  following  detailed  descriptions  of  the  measurements 
taken  in  different  parts  of  South  Jersey  contain  the  essential  facts 
from  which  the  conclusions  in  the  preceding  sections  were 
drawn.  They  illustrate  the  methods  used  in  the  investigation 
and  give  some  indication  of  the  localities  studied  and  of  the 
amount  of  labor  involved. 

Original  Forest  at  IVinslow. 

A  satisfactory-  understanding  of  the  loss  occasioned  by  forest 
fires  in  South  Jersey  presupposed  a  knowledge  of  what  the  land 
is  capable  of  producing  when  uninjured  by  burning.  To  acquire 
such  knowledge  was  not  easy. 

There  are  comparatively  few  places  where  original  pine  can 
still  be  found,  and  in  these  the  soil  is  apparently  better  than  on 
the  fire-scarred  areas  now  covered  with  straggling,  scrubby  second 
growth.  These  places  may,  however,  be  used  to  illustrate  the 
original  conditions,  for  the  soil  on  areas  now  fire-scarred  was 
doubtless  more  productive  when  covered  wnth  a  rich  layer  of 
forest  litter  than  it  is  now  ;  and  while  the  original  trees  over  the 
greater  part  of  South  Jersey  were  probably  for  the  most  part 
Pitch  Pine,  the  yield  per  acre  probably  did  not  fall  far  short  of 
that  of  the  Shortleaf  (locally  called  Yellow)  Pine  now  found  on 
the  areas  studied,  the  fertility  of  which  was  somewhat  above  the 
average. 

One  plot  of  old  timber  situated  near  Winslow  is  owned  by 
Mr.  J.  H.  Rosenthal,  of  Philadelphia.  The  large  Pine  was 
l)eing  cut  for  the  market  while  this  plot  was  being  studied,  and 
the  measurements  were  taken  as  the  trees  were  sawed  into  logs. 
In  this  forest  the  Yellow  Pine  predominates,  but  there  are  con- 
siderable numbers  of  Pitch  Pine  as  well.  The  Pine  occurs  both 
in  patches  and  scattered  over  the  area,  and  is  associated  with 
small  Oaks  and  a  few  larger  ones.  The  trees  reach  a  diameter  of 
two  and  a  height  of  eighty-five  feet.  The  larger  Oaks,  White 
and  Chestnut,  in  some  cases  reach  a  diameter  of  thirty  inches, 
while  among  the  smaller  trees  Black  and  Post  Oaks  are  found. 
The  soil  is  a  white  sand,  with  a  slight  admixture  of  loam  on  the 
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better  portions.  In  this  forest  there  were  measured  twelve 
sample  acres,  a  summary  of  which  is  given  in  Table  5,  below. 
The  following  sample  acre  is  given  in  full  and  furnishes  a  ver\' 
good  mental  picture  of  the  average  conditions  in  this  forest. 


Tabic  4. 


One  Acre  Measured  Near  Winslow^  New  Jersey, 
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Average  height  of  Pine,  68  feet.  Diameter  of  the  average  tree  over  ten 
inches,  13.7  inches.  Total  volume,  2,127  cubic  feet.  Total  merchantable 
volume  over  ten  inches,  7,208  board  feet.  Yield  of  hardwoods,  7.0  cords 
(est). 

Soil,  dry  sand.  Flat.  Undergrowth  composed  of  young  Oaks  and  a  few 
Pine  seedlings.     Humus  rather  poor.     Density,  0.6  of  the  normal. 


The  following  table  gives  a  summary  of  the  twelve  acres 
studied  at  Winslow.  The  merchantable  trees  are  of  various 
ages,  from  120  to  200  years  old.  It  will  be  seen  that  there  are 
on  an  average  about  45-50  trees  per  acre  over  10  inches,  with  an 
average  yield  of  about  7,000  board  feet. 
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Summary  of  Meastirements  on   Twelve  Acres  of  Old  Pine  at 
IVinslozi'y  New  Jersey- 


'   HARDWOODS. 


:   \  ■    .iiil    . 

^^ 

Ml  iiiiiiii 

ii 

r 

z    .z       <      1  z     1  < 

[nchajl             Inch» 

nch« 

F.« 

67  66     13.9      34     14.4 

22 

6Q.I 

78     72 

13.0  1    56  1  14.8 

18 

66.9 

86   74 

12,7      56  1  13.9 

20 

69.7 

92    78 

114 

65I  60 

13.0      46 

67- S 

71:  69 

12-4  1  54 

13-5 

10 

W..3 

68  67 
;o4   78 

la.S   \  49 

13.1 

19 

68.1 

1 1.2   ,  51 

>7 

14.1 

85   62 

ii.o  1  35 

13.1 

TO 

7-1   57 

10.4  il  27  1  12.8 

66.8 

'017 

0.925 

140 

ii 

8940 

S.6 

.'i48 

8.828 

S-9 

i»> 

6-0 

7.52' 

.l8i( 

7.488 

120 

7-0 

7,208 

,0,iK 

6.134 

124 

6.1 

,hi3 

5.631 

6 

6.1 

.708 

4,618 

147 

6,6 

.275 

3.369 

159 

63 

Original  Forest  at  Neiv  Lisbon. 

Another  forest  of  old  Pine  was  found  at  New  L,isbon,  on  the 
estate  of  Mr.  Black.  Here,  as  at  Winslow,  the  Pine  was  scattered 
in  patches,  mixed  with  oaks,  and  as  before,  the  Shortleaf  Pine 
predominated.  The  average  yield  of  Pine  on  the  five  acres 
measured  was  about  5,500  board  feet  and  the  niiniber  of  trees 
per  acre  over  ten  inches  in  diameter  abont  fifty.  The  following 
sample  acre  will  ser\-e  to  illustrate  the  forest  in  this  section. 
This  plot  is  figured  in  Plate  VII. 
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Tabic  6. 
One  Acre  Measured  hi  Old  Pifie  Near  New  Lisbon^  New  Jersey. 


Diameter 

breast 

high. 

I 

Inch 

2 

Inches 

3 

4 

5 

6 

7 

8 

9 

lO 

II 

1-2 

13 

U 

15 

i6 

T7 

iS 

19 

Pine, 

inciudiog 

stumps. 

3 
I 

8 
5 

2 

5 
7 

2 

6 

7 
5 
17 
7 
4 
6 

I 


White 
Oak. 

i8 
i8 

13 

U 

7 

13 

3 
I 

I 

2 
I 
I 


BUck 
Oak. 

7 
13 
13 

lO 
ID 
ID 


Chestnut 
Oak. 

5 
'9 
24 
26 

24 
6 
8 


Post 
Oak. 


88 


94 


66 


112 


Average  height,  about  65  feet.  Diameter  of  the  average  tree  over  ten 
inches.  12.8  inches.  Yield  of  Pine  over  ten  inches.  5  200  board  feet;  of 
small  Pine,  i.i  cords;  of  Oaks,  3.5  cords  Soil,  dry  white  sand.  Flat. 
Burned  over  everj^  spring,  and  underbrush  killed.  Density.  0.6  of  the 
normal. 

Tabic  7- 

Fiz'c  Acres  Studied  at  A7'7<'  Lisbon, 


No. 

No. 

Ave. 

No. 

Ave. 

Merch. 

Ave. 

Pine 

Pine 

Diam. 

Pine 

Diam. 

Pine. 

Small 

Diam. 

Plot 

including 

over 

breast  high. 

under  breast  high. 

Board 

Fine. 

No. 

breast  high 

Yield 

No. 

stumps. 

xo  in. 

Inches. 

10  in. 

Inches. 

feet 

Cords. 

Oak. 

Inches. 

Cords 

5 

113 

46 

15. 1 

86 

4.9 

8,  COD 

2.6 

130 

3.0 

1-3 

II 

97 

64 

11. 8 

51 

6.2 

5,760 

2.8 

233 

3-9 

35 

13 

So 

S^ 

12.S 

39 

4.7 

5,200 

I.I 

276 

38 

3.5 

15 

97 

SI 

12 

44 

5-2 

4.500 

1-5 

383 

40 

6.0 

16 

245 

11 

12 

208 

3-4 

3.700 

3.S 

119 

3.1 

I.O 
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SECOND  GROWTH. 

When  land  of  this  character  is  cut  over  it  is  usuallv  followed 
by  a  growth  of  hardwoods  and  Pine  on  the  medium  and  better 
soils,  and,  on  the  areas  less  adapted  to  hardwoods,  by  Pitch  Pine. 
Pine  gradually  creeps  back  on  the  areas  which  have  come  up  to 
hardwoods  and  in  many  cases  crowds  them  out.  Often  the  Pine 
seeds  an  old  field  with  good  soil  very  abundantly,  and  a  pure 
forest  springs  up.  Such  a  patch  was  found  nearly  fully  stocked 
at  Winslow,  and  two  acres  are  given  in  detail  on  pages  52  and 
53  of  the  Annual  Report  for  1898.  This  forest  is  a  nearly  even- 
aged  stand  of  Shortleaf  (Yellow)  and  Pitch  Pine,  the  former  pre- 
dominating, about  eighty  years  old,  and  gives  an  admirable 
picture  of  what  a  normal  stand  of  Pine  can  produce.  A  full 
discussion  of  the  tract  is  found  with  the  surveys.  It  is  exceed- 
ingly interesting  to  compare  this  stand  with  the  old  forest  at 
Winslow.  It  will  be  seen  that  the  yield  in  board  feet  is  just  as 
large  for  trees  over  ten  inches,  and  that  the  yield  (over  six 
inches)  is  about  twice  as  large,  while  the  trees  are  only  about 
one-half  as  old. 

Such  stands  as  this  are  the  great  exception,  for  the  reproduc 
tion  of  the  forest  has  been  left  to  take  care  of  itself,  the  trees 
have  been  cut  with  no  regard  whatever  to  the  next  crop,  and 
fires  have  swept  over  the  ground  repeatedly,  destroying  young 
growth  and  thinning  the  old  timber,  so  that  as  a  rule  the  second- 
growth  forest  is  open  and  straggling.  The  soil  is  abundantly 
able,  for  the  most  part,  to  produce  merchantable  timber,  in  spite 
of  repeated  fires  and  bad  cutting.  These  latter,  and  not  the  soil 
itself,  are  responsible  for  the  present  poor  condition  of  the  forest, 
which  needs  only  protection  and  judicious  cutting  to  regain  its 
value  in  the  end. 

Second  Groivth  at  Whitings. 

A  number  of  acres  of  second  growth  studied  near  Whitings 
are  exceedingly  interesting,  both  as  to  their  origin  and  their 
growth  and  development.  The  surv^eys  given  below  were  taken 
about  two  miles  southeast  of  Whitings,  on  a  private  tract  of 
about  one  thousand  acres.  The  forest  is  a  pole  wood  of  high 
density,  containing  trees  of  two  age  classes,  one  about  fifty  to 
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sixty,  the  other  thirty  to  forty  years  old.  The  larger  trees  have 
every  appearance  of  being  of  seedling  origin.  The  smaller  trees 
seem  like  sprouts,  for  they  are  crooked  and  contorted,  and  of 
very  slow  growth.  There  are,  further,  many  small,  twisted 
trees,  thirty  to  fifty  years  old,  and  only  one  to  two  inches  in 
diameter,  which  spread  out  in  umbrella  form  at  about  six  to 
eight  feet  from  the  ground.  It  is  reasonably  certain  that  these 
are  stunted  sprouts,  which  manage  to  live  in  the  shade  of  the 
pole  woods  and  grow  only  enough  to  maintain  their  existence. 

The  humus  is  deep  and  the  soil  a  dry  white  sand.  There  has 
been  no  fire  for  many  years,  the  tract  having  been  successfully 
protected  by  careful  watching. 

The  average  height  of  the  older  class  of  trees  is  45,  of  the 
younger  36  feet.  The  rate  of  growth  for  the  older  trees  is  one 
iiTch  in  diameter  in  fifteen  years,  of  the  smaller  trees  one  inch  in 
twenty  years. 

Although  it  is  extremely  difficult  to  determine  definitely 
whether  the  older  trees  on  this  area  are  seedlings  or  sprouts,  the 
conclusion  arrived  at  from  study  here  and  elsewhere  is  that  they 
are  seedlings.  The  old  stumps  probably  have  a  limited  capacity 
for  sprouting.  It  is  the  roots  of  the  second  and  third  grow^th 
and  the  succeeding  generations  that  produce  sprouts  freely. 
The  following  sample  acre  will  serve  to  illustrate  the  character 
of  this  second  growth  : 

Tabic  8* 

One  Acre  Measured  Near  Whitings^  New  Jersey. 

Diameter 
brea<»t  high.  Pine. 

1  Inch 18 

2  Inches, 30 

3  *'    44 

4  *'    43 

5  "    76 

6  ••    80 

7  "    30 

8  "    40 

9  •*    21 

10  "    17 

11  *•    9 

12  '*    2 

410 
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Yield  of  pine,  14.0  cords  (est.).  Average  diameter,  5.3  inches.  Soil .  white 
sand.  Slope,  gentle  to  northwest.  Undergrowth,  Huckleberries  and 
Ground  Oak.     Humus,  deep.    Density,  0.7  of  the  normal. 

Tabic  9. 

Six  Surveys  at  Whitings^  N,  J, 


Average 

Maximum 

diameter 

diameter 

Yield 

Plot 

No  of 

Area. 

breast  high. 

breast  high. 

Yield. 

per  acre 

No. 

Pine. 

Acres. 

Inches. 

Inches. 

Cords. 

Cords. 

21 

241 

% 

6.6 

II 

17 

34 

22 

573 

I 

5.2 

13 

21 

21 

25 

362 

}i 

4.8 

II 

10 

20 

26 

266 

% 

5.3 

12 

9 

IS 

27 

559 

I 

4.8 

12 

16 

16 

28 

410 

I 

5.3 

12 

14 

14 

Pme   Sprouts  at  Whitmgs, 

In  discussing  the  question  of  sprout  Pine  growth  it  is  instruct- 
ive to  study  both  verbal  and  visual  pictures  of  an  area  which  is 
surely  of  this  origin.  This  forest  is  about  one  mile  west  of  the 
preceding  acre,  and  is  probably  of  the  same  age  as  the  smaller 
trees  on  that  plot.  The  young  pole-wood  has  a  density  nearly 
normal,  and  the  soil  is  a  Axy  white  sand.  There  is  an  under- 
growth of  huckleberries  and  Scrub  and  Post  Oaks,  but  the  area 
has  not  been  burned  over  and  the  humus  is  excellent. 


Tabic  JO- 

One-quarter  Acre  of  Pine  Sprouts^  jj  to  /o   Years  Old^  Near 

Whitings^  N,  J. 

No  of 
Diameter.  trees. 

2  Inches, 40 

3  *•  85 

4  ••  62 

5  "  42 

6  "  12 

7  '*  5 

8  ••  I 

247 
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The  average  age  of  the  crop  is  35  to  40  years ;  the  average 
height,  24  feet ;  the  average  diameter,  3.7  inches.  It  is  fair  to  ask 
why  the  growth  is  slow.  The  soil,  it  is  true,  is  a  dry  sand,  but 
similar  soil  has  been  observed  to  bear  ver>'  much  more  rapidly 
growing  trees.  Fire  has  never  touched  the  trees  and  there  is  a 
deep  humus.  The  reason  has  already  been  given.  The  trees 
are  twisted  and  crooked,  and  often  with  from  two  to  five  stems 
apparently  from  the  same  root,  and  the  forest  is  composed  of 
Pine  sprouts.  The  yield  of  this  area  is  estimated  to  be  thirteen 
cords  per  acre. 

Not  far  from  this  plot  a  small  area  was  studied  where  the 
wood  had  been  cut  and  stacked.  The  trees  were  not  nearlv  so 
numerous,  and  fire  had  apparently  run  over  the  area  at  some 
time,  though  not  of  late.  The  stumps  were  measured  on  0.3  of 
an  acre. 

Tabic  iU 

Diameter  on  stump.  No.  of  trees. 

2  Inches 27 

3  *•       50 

4  "       47 

5  "        17 

6  •*        17 

7  *• 9 

8  "        I 

168 

The  stacked  wood  measured  slightly  over  two  cords,  or  about 
seven  cords  per  acre.  Six  stimips  were  studied,  and  the  age  was 
found  to  be  thirty-five  to  forty  years  on  the  stump. 

The  growth  of  an  average  stump  was  0.6  inches  in  diameter 
in  the  last  ten  }'ears,  or  at  the  rate  of  one  inch  in  about  seven- 
teen years. 

Secofid  (rrozi'th  After  Fire. 

The  sample  acres  given  alx)ve  show  what  the  original  forest 
probably  produced  and  what  the  second  growth  yields,  whether 
of  scedlinj^s  or  sprouts,  where  the  land  has  not  been  ver\'  severely 
burned.  It  remains  to  show  the  condition  of  land  which  has 
been  repeatedly  burned,  and  to  trace  the  various  stages  of  dete- 
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rioration   from  the  condition  described   above  to  the  desolate 
stretches  of  sand-barrens  in  some  sections  of  Ocean  county. 

The  first  stages  of  deterioration  of  the  forest  may  be  ilhis- 
trated  by  the  valuation  survey  which  was  taken  near  West  Creek, 
Ocean  county,  New  Jersey.  The  soil  is  a  fine  white  sand,  with 
a  moderate  layer  of  humus.  The  land  has  been  burned  a  num- 
ber of  times,  but  the  fire  has  been  chiefly  confined  to  the  surface. 
The  trees  are  very  coarse  and  scrubby,  and  that  while  there 
is  a  fairly  large  number  per  acre,  the  diameters  are  small  and 
the  trees  stand  too  far  apart  for  good  natural  pruning  to  take 
place.  The  ground  is  covered  with  huckleberries  and  Scrub 
Oaks  between  the  Pines.  These  trees  are  probably  about  thirty 
to  forty  years  old.  In  a  normal  stand  of  this  age  there  should 
be  not  less  than  nine  hundred  to  one  thousand  stems  per  acre. 

Tabic  iZ 

One  Acre  Measured  in  Second-Groivth  Pine  Near  West 

Creek^  Ocean  County^  N.  J. 

Diameter.  No.  of  trees. 

2  Inches 22 

5^ 


4 

5 
6 

7 
8 


88 
72 
60 

8 


339 


Number  of  Pine  under  two  inches,  y^^- 
Number  of  Oak  under  two  inches,  389. 
Average  diameter  of  the  Pine,  4.7  inches. 
Yield  of  Pine  estimated  to  be  about  seven  cords. 

• 

The  next  stage  in  the  decline  of  the  forest  is  well  illustrated 
by  the  valuation  survey  below,  and  by  Plate  VII.  This  survey 
was  taken  near  Ongs  Hat,  Burlington  county.  The  area  has 
been  burned  many  times,  and  the  trees  are  scrubby  and  scattered. 
There  is  but  little  undergrowth,  and  almost  no  humus,  and  even 
Scrub  Oaks  find  difficulty  in  growing.  The  number  of  trees  is 
even  less  than  before.  The  photograph  is  taken  near  Tuckerton, 
but  shows  the  same  stage  in  the  deterioration  of  the  forest  as  the 
valuation  survey. 
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One  Acre  Measured  in  Second-Growth  Pine  Near  Ongs  Ha 
Burlington  County,  New  Jersey. 


Number  of  Pine  under  two  inches,  io8. 
Number  of  Oak  under  two  inches,  162. 
Average  diameter  of  the  Pine,  3.7  inches. 
Yield  of  Pine  estimated  to  be  about  1.6  cords. 
Soil,  gravelly  sand.     Flat.     Density,  0.4. 


Nine  Sample  Acres  Showing  a  Still  Further  Advanced  Stag 
in  the  Deterioration  of  the  Forest  by  Fire. 


V 

\, 

•'i 

1 

1 

Loollty. 

3 

i'  ■ 

a 

-\ 

■s 

%& 

■3 

"r- 

iDChu. 

Inch" 

"^1 

7.0 

'-.     Oti.„'^  Hat. 

6.4 

5.0 

0 

2    Ongs  Hat. 

S     Near  East  Plains 

16 

94 ' 

57 

12 

0 

a    Ongs  Hat. 

28 

78 

708 

2     Near  East  Plains 

300 

4     Spring-  Hill. 

114 

4-4 

8 

274 

1     Tuckerton 

4i 

90 

4-5 

1-7 

1" 

411 

2     Near  East  Plains 

47 

10 

1  3 

0 

2    Ongs  Hat. 
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The  three  sample  acres  in  the  next  table  show  the  condition 
of  a  younger  forest,  but  one  which  has  been  more  severely 
bunied  and  is  in  a  lower  stage  of  decline  than  the  preceding 
acres.  The  soil  is  dry  and  the  humus  has  been  almost  entirely 
destroyed.  The  trees  are  all  crooked  and  scrubby  sprouts  of 
Pitch  Pine.  There  are  large  numbers  of  Scrub  Oaks  on  the 
ground. 

Tabic  J5. 

Three  Sample  Acres  Shoiving  a  Very  Advanced  Stage  in  the 
Deterioration  of  the  Forest  Through  Fire. 


Plot 
No. 

Pine 
over  a" 

in  di- 
ameter. 

Average 
diameter 

breast 

higb. 
Incnes. 

Maximum 
diameter 

breast 
higb. 

Inches. 

Oak 
over  a" 

indi 
ameter. 

Average 

diameter 

breast 

high. 

Inches. 

Pine 
under 
a"  in 
diame- 
ter. 

Oak 

under 
a"  in 

diame- 
ter. 

Density.        Locality. 

38 

221 

3.1 

5 

•         • 

•         • 

466 

312 

0.4       Near  East 
Plains. 

41 

"^11 

34 

6 

*         • 

•         • 

386 

250 

0.1 

46 

135 

3.2 

5 

83 

2.r 

62 

147 

0.3   Spring  Hill 

By  such  steps  as  these  the  forest  has  been  reduced  from  a  fine 
old  growth  of  merchantable  timber  to  a  straggling,  scrubby 
growth  of  sprouts.  The  stage  in  deterioration  next  to  the  last 
is  shown  bv  four  sur\'evs  taken  on  land  near  Tuckerton,  which 
was  burned  in  1894,  and  the  trees  of  which  had  apparently  been 
killed,  but  had  begun  to  sprout  again  from  the  crown  and  the 
base.  The  dead  trees,  those  sprouting  at  the  base  and  those 
sprouting  in  the  crown,  were  all  counted  separately.  It  is  worth 
while  to  note  that  the  larger  trees  are  those  which  sprout  in 
the  crown  and  that  the  small  trees  sprout  at  the  base. 


Tabic  J6. 

Four  Acres  Measn7'ed  Near  Tuckerton^  ^-J*^  Burned  Over 

in  18^^. 


Plot 
No. 

Pine 

■prootiBg 

in 

crown. 

Average 

diameter 

breast  high. 

Inches. 

40 
48 

26 

73 

55 
4.2 

49 
56 

14 
7 

5.5 
6.0 

Pine 

sprouting 

at 

stump. 

121 
130 


Average 

diameter 

breast  higb. 

Inches. 


Dead 
Pine. 


Average 

diameter 

breast  high. 

Inches. 


4.8 

23 

6.4 

1-9 

230 

2.4 

•             • 

Not 

•             • 

1  counted 

The  Plains* 


* 


The  East  or  Lower  Plains  are  situated  for  the  most  part  in 
Burlington  county,  between  Tuckerton  and  the  East  Branch  of 
the  Wading  river.  The  West  or  Upper  Plains  lie  nearly  north 
of  the  East  Plains,  and  are  separated  from  them  by  this  stream. 
The  former  cover  7,737  and  the  latter  6,662  acres. 

The  land  is  rolling,  with  high  ridges  and  deep  ravines.  On 
the  ridges  the  soil  is  a  coarse,  gravelly  sand ;  in  the  hollows 
chiefly  sand  also,  but  rather  fine  in  grain.  The  upper  soil  is 
extremely  dr}',  and  in  places  there  is  a  hard  subsoil  at  a  depth 
of  one  to  two  feet. 

The  Plains  are  for  the  most  part  covered  with  a  small  and 
ragged  growth  of  Pitch  Pine,  Scrub  and  Black  Jack  Oaks,  Lau- 
rel, Bearberry  and  other  small  plants  of  the  Heath  family.  The 
Pine  and  Oak  are  of  three  descriptions :  ist,  a  stunted,  prostrate 
growth  from  two  to  four  feet  in  height,  which  covers  by  far  the 
largest  part  of  the  Plains  ;  2d,  Pine  from  six  to  fourteen  feet  in 
height,  very  stunted  and  branching  nearly  to  the  ground,  with  a 
growth  of  Scrub  Oak  below.  This  growth  covers  a  compara- 
tively small  part  of  the  Plains.  In  many  cases  fire  has  killed 
the  trees,  and  there  is  but  little  young  sprout  growth  coming  up, 
but  where  the  land  has  not  been  burned  so  severelv  vouno^ 
shoots  are  abundant ;  3d,  the  large  Pine,  from  fourteen  to 
twenty-five  feet  in  height,  usually  very  crooked  and  scrubby, 
with  a  thick  growth  of  Scrub  Oak  underneath.  This  growth  is 
rare,  and  is  found  only  in  deep  ravines  or  on  the  edge  of  Cedar 
swamps. 

In  many  cases  the  Plains  are  terminated  abruptly  by  large 
timber.  Often,  however,  the  growth  merges  gradually  into  that 
of  the  surrounding  forest.  In  this  case  the  Pine  becomes  pro- 
gressively more  erect,  the  soil  takes  on  a  covering  of  dry-land 
moss,  humus,  and  shrubs,  and  the  trees  finally  reach  the  size 
characteristic  of  the  surrounding  country*. 

*  This  description  b  from  the  Annual  Report  of  the  State  Geologist  for  1898,  and  is  by  Giflford  Pinchot. 
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The  pine  is  chiefly  of  coppice  growth,  that  is,  it  consists  of 
sprouts  from  the  stumps  or  from  the  creeping  branches  of  trees 
which  have  been  killed  back  by  fire.     If  the  small  specimens 
are  carefully  examined,  however,  it  will  be  found  that,  although 
they  have  tne  appearance  of  sprouts,  they  are  in  many  cases 
really  seedlings,  with  stems  and  branches  creeping  on  the  ground. 
Sprouting  stumps  are  found  which  have  been  killed  back  but 
once,  as  well  as  old  gnarled  burls,  veterans  of  many  burnings, 
covered  with  knobs  from  which  protnide  the  charred  stubs  of 
dead   branches   and   the   new  living  shoots.     Sometimes  these 
burls  are  compact,  almost  globular,  but  more  often  they  take  the 
form  of  numerous  creeping  stems,  radiating  from  a  common  root 
and  sending  out  sprouts  from  the  knobs  of  old  scars  at  the  end. 
Dead  stumps  are  common  which,  in  times  past,  have  sprouted 
again  and  again,  until  at  length  they  became  exhausted  and 
dead.     The  age  of  the  main  root  of  a  number  of  such  stumps  w^as 
counted  and  found  to  be  as  much  as  forty,  sixty,  and  in  one  case 
at  least  one  hundred  years. 

Within  the  limits  of  the  Plains  there  are  individual  specimens 
of  Pine  which  are  erect  and  growing  thriftily.  On  examination 
they  are  found  to  be  healthy  seedlings,  standing  generally  in 
sheltered  hollows. 

The  roots  of  the  Pine  on  the  Plains  are  often  short  and  poorly 
developed.  This  is  doubtless  due  to  the  lack  of  moisture  and  to 
the  hard  subsoil,  which  the  roots  apparently  find  difficulty  in 
penetrating. 

AGE   OF  THE   PINE. 

There  is  a  prevailing  opinion  that  the  Pine  coppice  on  the 
Plains  is  very  old.  The  Plains  are  said  to  have  been  in  their 
present  condition  since  the  country  was  first  settled,  and  the 
conclusion  is  drawn  that  the  trees  are  nearlv  two  hundred  vears 
of  age.  It  may  be  true  that  the  barren  stretches  had  much  the 
same  appearance  two  centuries  ago  that  they  now  present,  but 
the  sprouts  now  on  the  ground  are  young.  Fifty-five  stems  were 
cut  on  the  West  Plains  and  their  age  was  counted,  and  fifty- 
three  on  the  East  Plains.  These  figures  are  given  in  the  follow- 
ing tables  : 
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Tabic  i7. 

Age  0/ Pine  Sprouts  an  the  Loiver  or  East  Plains  Near  Tticker- 

ton^  Burlington  County^  Nezc  Jessey, 


Height.  Age  Height. 

Feet.  Years.  Feet. 

8 17  5.5 

8 15  6 

6 II  7 

8 15  8 

8 14  8.5 

5 12  9 

8.5 20  6 

6 II  8 

6 9  3-5 


Age. 
Years. 

17 

16 

10 

14 

14 
16 

14 

13 
II 


Height.  Age. 

Feet.  Years. 

4 16 

5 14 

3-5 10 

6 14 

2.5 12 

4 13 

65 18 

7 19 

2 9 


Tabic  \Z. 

Age  of  Larger  Pine  Grouping  Within  the  Limits  of  the  Lozver 

Plains, 


Height. 
Feet. 

II 
10 
12 

12 
20 

13 
21 

17.5 


Age. 
Years. 

.30 

•  13 
.  16 

•  ^-^ 
.  40 

.  24 

.  46 

.  42 


Height. 
Feet. 

II 

13 

\     13 
!     12 

;     12 

21 
18 


Age. 
Years. 


23 
36 
40 

27 

28 

28 
40 

39 


Height. 
Feet. 

17 

17 

19 

21-5 

17 
10 

10.5 

13 
10 


Age. 
Years. 

.38 

•  41 

.43 

.  41 

'IZ 

.  22 
.  22 

.   19 
.  22 


ts 
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CAUSE   OF   PRESENT  CONDITION. 

Many  attempts  have  been  made  to  account  for  the  present 
condition  of  the  Plains,  but  these  explanations  have  not  been 
altogether  satisfactor>\  Some  have  attributed  the  form  of  the 
Pine  to  a  lack  of  certain  mineral  constituents  in  the  soil  neces- 
sary to  the  growth  of  trees.  This  theory,  however,  is  disproved 
by  chemical  analyses  of  the  soil  made  by  the  Geological  Survey, 
which  show  no  greater  poverty  than  is  common  to  the  surround- 
ing region.  The  theory  that  fire,  combined  with  the  effect  of 
very  poor  top-soil  and  a  hard  subsoil,  is  the  efficient  cause,  has 
also  been  advanced,  and  certainly  fire  has  been  a  very  large 
factor  in  bringing  about  the  present  condition  of  these  areas. 
Sufficient  emphasis,  however,  has  not  been  laid  on  the  fact  that 
the  Pine  is  for  the  most  part  of  sprout  origin,  and  on  the  causes 
of  the  prostrate  form  of  young  seedling  trees. 

If  the  Plains  have  been  in  their  present  condition  since  the 
country  was  first  settled,  they  were  probably  first  burned  over 
by  the  Indians,  who  were  in  the  habit  of  camping  in  the  neigh- 
borhood, as  their  shell-heaps  show.  We  know  that  the  western 
forests  are  often  burned  by  the  Indians  to-day,  and  there  is 
reason  to  believe  that  many  even-aged  stands  of  Pine  in  the 
Eastern  States  date  their  origin  from  fires  set  by  the  Indians  or 
by  lighting.  It  is  not  unreasonable,  therefore,  to  suppose  that 
these  high  rolling  plains  were  originally  stripped  of  their  forest 
cover  in  this  way.  The  Pines,  which  probably  returned  by  seed 
after  the  first  fire,  were  burned  over  again  and  again,  and  their 
stumps  sent  up  sprouts  which  became  more  and  more  feeble 
after  successive  fires.  Many  old  stumps,  as  already  pointed  out, 
became  exhausted  and  died  after  repeated  sprouting.  Their 
place  was  taken  by  seedlings,  and  in  this  way  the  ground  re- 
mained stocked  with  Pine. 

This  does  not  explain,  however,  the  prostrate  form  of  the 
young  seedlings  and  many  of  the  older  trees.  This  peculiarity 
is  not  confined  to  the  Plains  alone,  for  Pine  seedlings  growing 
on  bare  sand  in  exposed  situations  in  the  neighborhood  of  the 
Plains  show  the  same  tendency.  These  seedlings  exhibit  a 
remarkable  similarity  to  the  forms  assumed  by  trees  near  the 
timber  line  on  high  mountains.     It  is  a  fair  inference  that  the 
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very  harsh  and  windy  situations  in  which '  they  grow  has  an 
effect  analogous  to  that  of  great  elevation.  Hence  it  is  believed 
that  exposure  and  poor  soil  are  entirely  sufficient  to  explain 
why  the  young  trees  are  prostrate. 

A  large  part  of  the  Pine,  however,  is  coppice  growth  from 
old  stumps  which  have  lost  their  vigor  to  a  large  extent,  and 
under  the  unfavorable  surrounding  are  incapable  of  producing 
anything  but  straggling  sprouts.  Furthermore,  the  trees,  which 
grow  very  slowly  on  the  poor  soil  of  the  Plains,  are  killed  by 
fire  before  they  have  time  to  reach  a  large  size. 
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Silvicultural  Notes  on  the  White  Cedar^ 
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FORM   AND   DEVELOPMENT. 

White  Cedar  grows  in  very  dense  stands  and  has  in  conse- 
quence a  short,  narrow  crown  and  a  long,  clear,  straight  bole. 
Small  pin  branches  are  often  scattered  over  the  stem,  but  they 
do  not  seriously  affect  the  quality  of  the  wood.  The  length  of 
the  green  crown  is  as  a  rule  one-fourth  to  one-third  the  total 
length  of  the  tree.  The  oldest  timber  studied  was  about  eighty 
years  old,  at  which  age  it  attains  a  maximum  diameter  of  fifteen 
inches  and  a  height  of  seventy  feet.  One  very  old  unsound 
specimen  was  measured  which  had  a  diameter  of  thirty  inches 
at  breast-height  and  was  about  seventy  feet  high.  In  early 
youth  a  tap-root  is  developed,  but  in  later  life  the  tree  has  a 
flat  root  system,  with  strong  superficial  lateral  roots. 

SITUATION   AND   SOIL. 

The  White  Cedar  is  fastidious.  It  is  strictly  a  swamp  tree, 
and  the  boundaries  of  its  distribution  usually  coincide  exactly 
with  the  edges  of  swamps,  although  a  few  short  and  scrubby 
stragglers  are  found  on  dry  ground.  In  some  cases  where  a 
Cedar  swamp  runs  into  a  Pine  swamp  the  cedar  mingles  with 
the  Pine  and  finally  runs  out  where  the  ground  is  too  dr>'  for  it 
to  grow. 

Cedar  swamps  are  often  classified  as  wet  and  dr>\  In  the  former 
there  is  standing  water,  a  veiy  large  amount  of  sphagnum  moss 
and  usually  little  or  no  Pine.  As  a  rule  the  timber  is  less  dense, 
and  it  is  said  to  attain  smaller  dimensions  and  to  be  poorer  in 
quality  than  that  growing  in  dry  swamps.  In  both  cases  there 
is  a  mud  bottom,  but  in  dr>^  swamps  interlacing  Cedar  roots 
cover  it  with  a  complete  crust.  The  drier  the  swamp  the 
greater  the  proportion  of  Pitch  Pine.     A  hard-bottom  swamp  is 

*  By  Gifford  Pinchot.  trom  ihe  Annual  Report  of  the  State  Geologist  for  1808. 
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one  in  which  the  trees  rest  on  gravel.     It  is  said  that  in  such 
situations  the  trees  are  apt  to  be  shaky. 


REPRODUCTION. 

After  the  young  trees  grow  large  enough  for  the  crowns  to 
meet  and  form  a  continuous  canopy,  no  new  seedlings  spring  up. 
A  certain  amount  of  light  is  required  for  the  germination  of  the 
seed.  The  trees  are,  however,  able  to  bear  very-  considerable 
shade,  both  from  above  and  from  the  side.  This  is  shown  by 
the  very  long  life  of  suppressed  trees  and  by  the  extremely 
crowded  character  of  the  woods.  When  a  Cedar  forest  is  cut, 
young  seedlings  spring  up  in  great  abundance  within  two  or 
three  years.  This  is,  as  a  rule,  a  more  complete  reproduction  in 
dry  than  wet  swamps,  chiefly  on  account  of  the  amount  of 
standing  water  in  the  latter.  It  has  been  observed  that  on 
badly-burned  areas,  as  a  rule,  no  seedlings  spring  up  for  a  long 
time,  even  though  there  are  seed  trees  close  at  hand.  From  this 
we  must  conclude  either  that  the  seed  from  which  the  usual 
reproduction  springs  lies  dormant  in  the  soil,  waiting  to  germi- 
nate as  soon  as  there  is  sufficient  light,  or  that  the  burning  of 
the  sphagnum  makes  an  inhospitable  bed  for  the  germination  of 
the  seed.  To  show  how  many  yoimg  plants  come  up  on  a  well- 
seeded  area,  two  small  plots  were  marked  off*,  one  of  twelve 
square  feet,  where  the  ground  was  completely  seeded,  and  the 
other  of  one  hundred  square  feet,  where  there  were  five  old 
stumps  and  the  reproduction  was  not  so  thick.  On  the  first  plot 
were  found  968  plants,  which  would  make  3,51 3,840  young  trees 
per  acre.  On  the  other  plot  there  were  3,200  plants,  equivalent 
to  1 ,393,920  per  acre. 

The  youngest  tree  found  to  be  bearing  seed  was  thirteen  years 
old. 

GROWTH. 

In  view  of  the  value  of  Cedar,  it  is  important  to  have  some 
definite  figures  concerning  its  rate  of  growth  and  its  reproduc- 
tive capacity.  On  account  of  the  regular  growth  of  the  trees 
and  the  comparatively  even  stands,  a  few  measurements  will 
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suffice  to  affiard  a  basis  for  broad  generalization.  During  hnn- 
bering  operations  at  Job's  swamp,  near  Whitings,  and  at  Mari- 
gold swamp,  near  New  Gretna,  eighteen  trees  were  carefnlly 
analyzed.     These  measurements  are  summarized  below. 


Tabic  21. 

Sunimayy  of  Nineteen  Stem  Analyses  of  White  Cedar,  taken 

at  Job's  Swamp,  Bitflington   County,  and  Marigold 

Su-ampy   Ocean   County. 
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65 
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66 
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0.9 
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61.0 

77 

62.5 
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13.8 

0.7 

77 
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,     |20 
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T7.6 

6j 

20.3 
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Job's  Swamp. 

Job's  Swamp. 

Job's  Swamp. 

Marigold  Swamp. 

Marigold  Swamp. 
^  I  Job's  Swamp  ■ 
5  .  Marigold  Swamp. 
8  ',  Job's  Swamp 

Marigold  Swamp. 

Job's  Swamp. 

Job's  Swamp 

Marigold  Swamp. 

Job's  Swamp 

Job's  Swamp. 

Job's  Swamp. 

Jobs  Swamp 

Job's  Swamp. 

Job's  Swamp. 


The  rate  of  growth  in  diameter  and  height  was  obtained  in 
the  same  way  as  that  of  the  Pine,  by  plotting  the  progress  of 
the  growth  of  each  tree  on  cross-section  paper  and  drawing  a 
normal  curve  through  the  various  points.  The  \alues  from 
these  average  curves  are  as  follows : 
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Tabic  22* 

Average  Rate  of  Growth  in  Diajneter  and  Heighth  of 

Seventeen   Whife  Cedars, 

Age.  Diameter.  Height. 

Years.  Inches.  Feet. 

20 2.2    II 

30 1^1        21 

40 5-4   32 

50 7.1   40.5 

60 8.6 48 

70 9-8   54.5 

80 10.9   ....  60 

The  Cedar  appears,  from  this  table,  to  require  on  an  average 
sixty  years  to  reach  a  height  of  fifty  feet  and  eighty  years  to 
reach  sixty.  It  is  interesting  to  note  that  when  the  forest  is 
thinned  the  trees  grow  niore  rapidly  in  diameter  than  when  they 
remain  in  crowded  stands.  At  Marigold  swamp  seven  stumps 
were  measured  of  trees  which  had  stood  for  some  years  on  the 
edge  of  a  clearing.  These  trees  were  growing  at  the  rate  of  2.2 
inches  in  diameter  in  ten  years,  whereas  four  trees  measured 
within  the  same  stand  showed  an  average  rate  of  growth  of 
about  1.05  inches  in  ten  years,  or  a  little  less  than  half 


YIELD. 

There  are  few  trees,  if  any,  which  grow  m  as  dense  masses  as 
White  Cedar.  In  order  to  show  the  number  of  trees  per  acre 
and  the  amount  of  wood  at  different  ages,  eight  sample  plots 
were  measured  and  the  trees  counted.  These  valuation  surveys 
are  summarized  below.  At  twenty  years  of  age  there  were  over 
10,000  trees  per  acre,  at  forty  years  about  3,500,  and  at  eighty 
years  in  one  case  still  over  1,000.  Special  attention  is  directed 
to  Plots  Xo.s.  51  and  52.  These  plots  were  within  a  few  himdred 
yards  of  each  other  and  of  alx^ut  the  same  age  and  height.  In 
the  first  case,  however,  there  are  nearly  two  hundred  trees  less 
and  a  correspondint^ly  larger  diameter.  While  the  number  of 
cubic  feet  ])er  acre  is  nearly  the  .same  the  numlx^r  of  board  feet 
is  very  much  larger  in  the  first  plot,  although  there  is  a  smaller 
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number  of  trees.  Plot  No.  54  is  of  about  the  same  age  as 
Plot  No.  52,  but  has  only  one-half  as  many  trees.  These  two 
plots  were  also  very  near  together,  the  fonner  on  the  edge  of  a 
swamp.  A  number  of  stumps  of  nearly  as  large  diameter  as  the 
trees  within  the  stand  were  counted  and  the  age  found  to  be  the 
same  as  in  Plot  No.  52.  In  Plot  No.  54  there  were  over  1,000 
more  cubic  feet  and  over  10,000  more  board  feet  per  acre,  though 
the  number  of  trees  was  only  about  one-half  as  great.  From 
these  figures  it  follows :  First,  that  it  requires  about  sixty  years 
to  produce  lumber  in  paying  quantities ;  second,  that  it  would 
pay  to  thin  the  forest  when  it  is  about  forty  to  sixty  years  old. 


Tabic  23- 

Summary  of  Sample  Areas   Surveyed  in  Joh^s  Swamps  near 

Whitings^  and  Marigold  Sivamp^  near 
Tuckerion^  New  Jersey, 
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Forests  and  Water-Supply* 


Owing  to  the  importance  of  the  water-supply  question  in  the 
State,  we  have  given  long  and  careful  study  to  the  effect  of 
forests  upon  the  run-off  of  the  streams.  As  a  result,  we  have 
reached  the  following  conclusions,  resting  upon  reasons  and  data 
which  we  give  later  on  : 

1.  Forests  have  no  important  effect  upon  the  total  evaporation 
from  the  stream  catchment,  consequently  the  total  nm-off  from 
forested  catchments  is  not  greater  than  from  deforested  or  culti- 
vated catchments. 

2.  The  springs  are  better  sustained  in  forested  country,  the 
rain-fall  being  absorbed  more  readily  by  the  humus  and  soil  of 
the  forest,  and  the  flow  of  water  over  the  surface  to  the  stream 
channels  being  obstructed  by  roots  and  other  inequalities,  con- 
sequently forest  streams  have  a  more  equable  flow  and  are  not 
subject  to  such  long  periods  of  extreme  low  water. 

3.  Floods  are  less  frequent  on  forested  streams,  owing  partly 
to  the  above  causes  and  also  to  the  slow  melting  of  snow  and 
ice  accumulating  in  the  winter  season,  but  forested  streams  are 
nevertheless  subject  to  occasional  high  freshets. 

4.  Forest  streams  carry  less  mud  and  silt  in  suspension.  The 
most  desirable  conditions  for  water-supply  are  found  when  about 
three-fourths  of  the  catchments,  including  the  slopes  and  higher 
ground,  is  covered  with  forests,  while  the  remainder,  near  the 
stream  lines,  is  in  grass. 

In  those  respects  in  which  the  above  findings  differ  from 
popular  opinion  they  have  been  verified  with  great  care.  Such 
opinion  is  largely  to  the  effect  that  forests  decrease  evaporation, 
and  that  consequently  deforestation  is  responsible  for  the  drying- 
up  of  streams.  That  popular  impressions  are  not  always  a  safe 
guide  is  evidenced  by  the  fact  that  it  is  commonly  alleged  in 
this  State  that  the  streams  are  falling  off  because  of  the  cutting- 
off  of  forests ;  but  the  facts,  ascertained  with  much  care,  are  that 
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the  area  of  forests  in  all  of  northern  New  Jersey  is  as  great  as  it 
was  fifty  years  ago,  and  the  quality  of  the  timber  has  been 
steadily  improving  for  at  least  forty  years.  It  is  therefore  clear 
that  if  the  streams  are  falling  off  it  is  not  due  to  deforestation. 
There  is  no  competent  evidence,  based  on  careful  measurement, 
that  there  has  been  any  important  change  in  the  streams,  except- 
ing what  may  be  accounted  for  by  artificial  diversions  of  their 
waters,  or  by  the  fact  shown  by  the  rain-fall  records  that  pro- 
tracted droughts  have  been  more  frequent  during  the  last 
quarter-century  than  they  were  during  the  previous  quarter. 

While  popular  opinion  is  clearly  wrong  in  this  case,  therefore 
we  believe  it  is  true  that  bv  reason  of  deforestation  streams 
become  more  fluctuating  and  subject  to  longer  periods  of 
extreme  low  water.  This  would  be  quite  sufficient  to  account 
for  a  popular  impression  that  there  is  a  shrinkage  in  the  run-oflf. 
It  is  quite  impossible  to  determine,  except  by  exact  measure- 
ments, any  change  in  the  total  run-off  of  the  streams  during  the 
year.  More  protracted  periods  of  low  water  would  be  sufficient 
to  account  for  many  of  the  phenomena,  such  as  the  shrinkage 
in  water-power,  etc.,  which  are  so  often  adduced  as  proof  that 
deforestation  increases  evaporation.  The  large  volume  of  water 
which  may  have  been  discharged  in  floods  during  the  wet  season 
has  been  lost  sight  of,  as  it  is  of  little  use  for  power,  and  its 
volume  cannot  be  estimated  by  the  eye. 

The  conclusions  which  we  have  reached  are  generally  similar 
to  those  which  have  been  set  forth  by  Antoine  C.  Becquerel,  a 
member  of  the  French  Academy  of  Science,  who  devoted  most 
of  a  long  life-time  to  the  subject,  and  who  had  at  his  disposal  the 
best  European  data.* 

He  points  out  the  injurious  effect  upon  springs  and  water- 
courses due  to  deforestation,  but  says :  *'  It  cannot  be  said  that 
this  diminution  is  caused  by  a  less  annual  rain-fall  or  a  greater 
evaporation  of  rain-water.^' 

In  his  opinion,  the  real  effect  is  due  to  a  more  irregular  and 
flashy  discharge  of  the  stream  waters.  His  conchisions  are 
altogether  so  conservative  and  embody  the  results  of  so  much 
experience  and  study  of  European  conditions,  that  his  paper  is 
especially  commended  to  the  reader's  attention. 

*  Memoirs  upon  Forests  and  their  Climatic  Influence  :  Atlas  Meteorologique  de  L'  Observatoire  Im- 
perial, 1867      A  full  translation  appears  in  Report  upon  Fo-estry,  by  F.  B.  Hough,  I* aited  States  De|>art- 

ment  of  Agriculture,  1877. 
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EFFKCT   OF    FORESTS   UPON   EVAPORATION. 

A  Study  of  this  question  is  of  the  first  importance  to  the  water- 
works enj^ineer,  for  it  is  clear  that  if  evaporation  from  forested 
is  so  much  less  than  from  deforested  catchments,  the  amount  of 
run-off  which  may  Ix?  collected  and  utilized  for  public  water- 
supply  will  1k^  correspondinj^ly  increased.  We  usually  estimate 
that  about  14  inches  of  rain-fall  can  l)e  collected  vearlv  in  this 
vicinity,  and  if  forests  cause  an  increase  of  from  5  to  6  inches  ::: 
this  amount,  as  has  lx.*en  claimed,  the  difference  in  the  anu-:::*.: 
collectible  will  l)e  very  large.  It  is  l)ecause  we  Ix^lieve  th.^.:  :':::> 
is  an  error  dangerous  to  water-supply  calculations  that  we  h..  i 
given  special  study  to  this  phase  of  the  subject. 

The  data  which  throw  light  upon  this  subject  van  \^~:::i 
character.     First,  we  have  the  general  facts  as  to  distr: ':•■.:    • 
forests  and  rain-fall.     In  the  United  States  it  is  for.::."  :V.;.:      '.^'- 
are  almost  invariablv  abundant  where  the  raii:-:"^"'  ^    .-:    "^    - 
inches  per  annum,  unless  there  is  some  peci:'.:::r-:  "     - 

unfavorable  to  tree  growth.     When  the  annr.j.!  ':.--: 
less  than  26  inches,  forests  almost  disap}>e2.T  ':»:•""'         "^ 
raised  without  irrigation  where  the  anni::^!  r:.::-:.     ^-   "^- 
inclies.     We  may  infer  from  this  thai   ■":•':->  • 
support  a  more  abundant  supply  of  w:.:i-  :■..         ""  ^ 

have  a  verification  of  these  facts  ir.  Nrv    .  •^l 
iSSi  and   1894  we  had  protractef   r-:^-  -^ 

spring  and  summer  rain-fall   :VI".    :rr   ■■      ■ 
inches  j^er  annum.     The  actiii^   r-ri:-^  ^ 
Jersey  in  the  spring  and  s-nime-        "'  *  "^     - 

1894,  15.67  inches,  where^L-  in-.   -= — ^    "     --      ~        -   ^  - 
Kansas,  at  points  whici  iu:-.-.    ."    -■'■■     "  -^     -       ' 

amounts  to  20.2.     Drriix:-  r^-    '^     " —         ^^'     -         -- 
numbers  of  forest  vzr^^  Trr.-:    --r-^    -  ' 
foliage  browned  25  r  b-  tt:      '^'^  -----     •.----  -:! 
slightly  less  dcgrf:*  n  :-*:-.   -•     "'^     "^^    r—-  ~    - 
:lude  that  if  tJif:  t 

DchA«  per  ^rnrnrwr   ic 
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From  a  statement  made  in  the  Strasbiirger  botany,  as  to  the 
quantity  of  water  required  by  an  oak  tree,  we  must  draw  the 
conchision  that  a  forest  of  such  trees  requires  from  i6  to  19  inches 
of  water  during  the  growing  season.  The  researches  of  Burger 
indicate  that  a  mixed  deciduous  forest,  which  will  cut  40  cords 
of  wood  per  acre,  will  require  19  inches  of  water  during  the 
growing  season,  agreeing  well  with  the  above.  Von  Petten- 
kofer  has  stated  that  during  the  growing  season  an  oak  tree  may 
require  eight  times  the  amount  of  rain  falling  upon  it,  and  that 
its  roots  will  draw  the  required  surplus  from  a  great  depth. 

As  to  farm  crops  we  have  perhaps  no  more  reliable  data  than 
the  interesting  experiments  made  by  Professor  King,  at  the 
University  of  Wisconsin.*  Based  upon  these  experiments  we 
find  that  a  crop  of  two  tons  of  clover  to  the  acre  requires  but  10 
inches  of  rain-fall.  This  is  heavier  than  the  normal  field  crop. 
Taking  the  normal  field  crop,  his  results  indicate  that  during 
the  growing  season  Indian  corn  requires  4.8  inches,  barley  3.6 
inches,  oats  3.6  inches,  wheat  4.5  inches,  and  potatoes  about  10 
inches.  The  average  for  these  crops  is  6  inches  as  against  the 
16  to  19  inches  above  estimated  to  be  necessary  for  forests.  We 
may  state  here  that  it  is  probably  true  that  a  very  light  crop 
requires  much  more  water  per  ton  of  dry  matter  produced  than 
a  very  heavy  crop,  for  the  reason  that  with  the  light  crop  there 
will  be  a  larger  amount  of  water  evaporated  directly  from  the 
soil  than  is  the  case  with  a  heavy  one  which  keeps  the  ground 
well  shaded. 

Now  as  to  fallow  ground  we  have  the  careful  experiments  of 
Lawes  &  Gilbert,  at  Rothamsted,  England,  which  were  con- 
ducted during  a  period  of  twenty  years.  These  show  an  annual 
evaporation  from  soil  kept  hoed  but  uncropped  amounting  to 
16.68  inches,  with  30.29  inches  rain-fall.  From  April  to  SefK 
tember  the  evaporation  was  11.46  inches,  which  may  be  com- 
pared with  the  above  estimates  of  the  requirements  for  forests, 
while  the  evaporation  from  fallow  earth  during  the  growing 
period  for  field  crops  was  no  less  than  the  amount  shown  by 
Prof.  King  to  be  the  requirement  of  farm  crops. 

Taking  the  annual  evaporation  from  fallow  soil,  as  above 
determined  by  Lawes  and  (xilbert,  and  comparing  it  with  the 

•"  Irrigation  and  Drainage,"  by  F.  H.  King. 
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evaporation  on  the  Lee  and  Thames  rivers,  and  Wendover 
springs,  which  data  we  give  later  in  the  table  of  stream  meas- 
urements, it  is  foimd  that  these  three  streams  give  an  average 
evaporation  of  20.7  inches  annually  from  catchments  covered 
with  the  prevailing  vegetation  of  Hertford  and  Middlesex, 
against  16.68  from  ground  without  vegetation.  We  seem  to 
have  here  quite  reliably  indicated  an  excess  of  4  inches  in 
annual  evaporation  caused  by  vegetation.  Lawes  and  Gilbert 
themselves  are  of  the  opinion  that  from  3  to  4  inches  repre- 
sents a  fair  allowance  for  the  excess  of  evaporation  caused  by 
the  ordinary  vegetation  around  London  over  evaporation  from 
fallow  soil  kept  hoed. 

The  experiments  of  Charles  Greaves  at  Lee  Bridge,  and  of 
Evans  and  Dickinson  at  Nash  Mills,  appear  to  show  an  evapora- 
tion from  fallow  soil  almost  exactly  equal  to  that  shown  by  the 
catchments  of  the  above  rivers,  and  on  the  basis  of  these  experi- 
ments there  would  be  no  increase  of  evaporation  due  to  vegeta- 
tion, but  we  believe  that  the  above  estimate  of  3  to  4  inches, 
based  on  the  experiments  of  Lawes  and  Gilbert,  is  fairly  accurate. 
In  our  Report  on  Water-Supply,  of  1894,  we  estimated  from 
the  data  furnished  by  the  gaugings  of  the  Passaic  that  evapora- 
tion on  that  water-shed  was  not  increased  by  the  existing 
vegetation  to  a  greater  amount  than  6  inches  per  annum.* 
This  vegetation  is  made  up  of  58  per  cent,  forests ;  about  6  per 
cent,  wet  meadow,  which  is  in  grass ;  6  per  cent,  fallow  land  ; 
15  per  cent,  short  grass,  or  pasturage,  and  15  per  cent,  under 
cultivation.  After  a  recent  revision  of  these  estimates  our 
opinion  is  that  the  effect  of  vegetation,  such  as  the  above,  is  to 
increase  the  evaporation  over  what  would  take  place  from  the 
same  area  with  no  vegetation  whatever  to  the  extent  of  not 
more  than  5  inches  per  annum.  Our  own  figures  are  therefore 
in  fair  accord  with  the  results  of  Lawes  and  Gilbert,  and  both 
are  based  on  data  derived  from  conditions  closely  approximating 
to  those  which  we  find  in  nature,  and  confirmed  bv  other  esti- 
mates  which  it  is  impossible  to  set  forth  in  this  paper.  We  feel 
justified,  therefore,  in  concluding  that  the  effect  of  vegetation  of 
any  and  all  kinds  upon  evaporation  has  in  many  cases  been 
much  over-rated,  and   that    such  vegetation  as  occurs  in  the 

*  Repon  on  Water-Supply,  page  333. 
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country  surrounding  London  or  upon  our  own  Passaic  water- 
shed does  not  increase  the  annual  evaporation  over  what  would 
take  place  from  fallow,  tilled  ground  more  than  from  4  to  5  inches. 
The  experiments  of  Lawes  and  Gilbert  were  upon  soil  kept 
hoed.  Prof.  King,  in  the  Wisconsin  experiments,  shows  the 
effect  of  cultivation  in  reducing  evaporation.  Keeping  this  fact 
and  the  experiments  of  Greaves,  and  Evans  and  Dickinson  in 
mind,  it  seems  probable  that  evaporation  from  barren  soil,  not 
cultivated,  is  as  great  as  from  soil  with  vegetation.* 

The  above  cited  estimate  of  16  to  19  inches,  representing  the 
requirements  of  forest  growth,  rests  upon  good  authority,  but 
we  must  not  conclude  that  this  means  16  to  19  inches  more 
evaporation  from  a  forested  than  from  a  fallow  area.  Neither 
must  it  be  concluded  that  the  estimates  are  reliable  for  all 
climates,  for  we  shall  show  in  our  discussion  of  stream  measure- 
ments that  the  evaporation  from  a  forested  area  varies  from  20 
to  31  inches  per  annum  in  the  eastern  United  States,  the  actual 
amount  being  determined  by  the  climate.  The  same  is  true  of 
the  experiments  of  Professor  King.  While  they  were  carefully 
conducted,  and  no  doubt  fairly  accurate  for  the  climate  of  the 
place  of  observ^ation,  it  may  be  doubted  if  they  will  hold  good 
for  places  having  a  different  climate. 

Now,  if  we  adopt  the  conclusion,  that  the  total  effect  of  vege- 
tation, such  as  that  of  the  Passaic  catchment,  is  to  increase  the 
annual  evaportion  less  than  five  inches  over  what  would  take 
place  from  the  groimd,  without  vegetation,  it  is  plain  that  a 
variation  in  the  amount  of  forest  represented  in  this  vegetation 
cannot  possibly  produce  an  effect  upon  evaporation  so  great  as 
five  inches. 

We  will  not  add  to  the  above,  as  we  have  quoted  what  we 
regard  as  the  highest  authorities,  or  more  satisfactory  data^  in 
each  case.  A  large  number  of  early  observations  of  evaporation 
made  in  Europe  were  entirely  unreliable,  as  may  be  illustrated 
by  the  fact  that  it  was  for  a  long  time  believed  in  France  that 
the  total  evaporation  from  the  land  surface  exceeded  the  amount 
of  rain-fall  thereon.     Experiments  made  on  a  small  scale  may 

•  *The  controlliog  cause  of  evaporation  being  the  capacity  of  the  air  to  absorb  moistnre,  it  will  be 
seen  that  the  water  transpired  by  vegetation  goes  to  supply  this  demand,  consequently  it  is  a  part  of  tbe 
water  which,  in  the  absence  of  vegetation,  would  be  drawn  direct  from  the  earth  into  the  atmosphere. 
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diverge  widely  from  conditions  which  obtain  in  nature  and  are 
never  safe  guides  until  abundantly  verified. 

A  word  may  be  said  as  to  another  class  of  data  which  have 
been  much  quoted  as  proving  increased  evaporation  due  to  defor- 
estation. I  refer  to  records  of  river  heights,  such  as  those  of  Von 
Wex  on  the  Rhine  or  Berghaus  on  the  Elbe.  According  to  Von 
Wex  the  average  height  of  the  Rhine  at  Emmerich  from  1770 
to  1780  was  II  Prussian  feet  4.1  inches,  while  from  1825  ^^  ^^35 
it  was  only  6  feet  9.2  inches.  It  will  be  seen  that  this  is  a  very 
great  change  to  take  place  in  fifty  years  from  deforestation 
alone,  so  great  as  to  put  us  on  our  guard  against  accepting  it  as 
conclusive,  for,  if  long  continued,  it  must  result  in  the  entire 
disappearance  of  the  Rhine.  These  figures  and  Von  Wex  con- 
clusions have  been  questioned  by  European  authorities.  We 
wish  to  call  attention  to  the  fact  that  such  a  change  in  the 
average  height  of  rivers  is  very  often  the  result  of  a  change  in 
the  conformation  of  the  river-bed,  which  may  take  place  at  a 
considerable  distance  below  the  point  of  observation.  It  may 
also  be  due  to  erosion  of  the  river-bed  at  the  point  of  observation, 
but  the  fact  has  not  been  pointed  out,  to  our  knowledge,  that 
precisely  this  effect  would  result  in  a  change  of  the  stream  from 
steady  to  flashy  conditions,  such  as  we  have  indicated  to  be  the 
real  effect  of  deforestation.  Thus  in  our  own  experience,  in  two 
different  months  a  certain  stream  discharged  the  same  total 
quantity  of  water  per  month,  but  during  the  first  month  it 
reached  a  depth  of  16  feet  only  one  day,  and  stood  at  four  feet 
during  the  remaining  thirty  days,  showing  steady  conditions; 
while  during  the  other  month  it  reached  16  feet  on  three  days 
and  stood  at  4  feet  on  ten  days,  and  about  18  inches  on  eighteen 
days,  showing  a  flashy  condition.  The  average  depth  during 
the  period  of  steady  flow  was  4.4  feet,  while  during  the  flashy 
month  it  was  only  3.7  feet,  although,  as  we  have  said,  the  total 
discharge  during  each  of  the  two  periods  was  the  same.  This 
illustrates  the  necessity  of  extreme  caution  in  accepting  meas- 
urements of  river  height  alone  as  proving  a  change  in  the 
volume  discharged  by  the  rivers.  Nothing  can  be  accepted  as 
conclusive  but  actual  measurements  of  the  total  volume  of  dis- 
charge, which  must  be  accompanied  by  measurements  of  the 
rain-fall. 
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If  we  have  accurate  measurements  of  the  run-off  of  a  stream 
during  a  period  of  years,  and  contemporaneous  measurements  of 
the  run-off  upon  the  catchment,  the  difference  between  these 
two  may  usually  be  depended  upon  to  represent  the  total  evap- 
oration, including  the  demands  of  vegetation.  The  mean  tem- 
perature of  the  atmosphere  should  be  recorded  at  the  same  time. 
Such  observations  have  a  scientific  value  far  above  the  mere 
determination  of  the  run-off  for  industrial  purposes.  The  rela- 
tion between  rain-fall,  run-off  and  evaporation  is  one  which  needs 
to  be  established  because  of  its  bearing  upon  agriculture,  drain- 
age, forestry,  hygiene  and  other  fields  of  science  and  economics. 
The  engineer  who  gauges  a  stream  should  always  endeavor  to 
have  contemporaneous  measurements  of  rain-fall  and  tempera- 
ture. 

If  we  have  such  measurements  as  above  indicated  for  a 
deforested  catchment,  and  also  for  a  forested  catchment  under 
similar  climatic  conditions,  it  should  be  possible  to  determine 
whether  forests  have  any  very  appreciable  effect  upon  evapora- 
tion. It  may  be  insisted  that  it  is  difficult  and  almost  impossible 
to  make  such  measurements  with  accuracy,  but  it  should  be 
possible  to  make  gauging  with  an  error  not  exceeding  five  per 
cent.,  and  if  the  rain-fall  can  be  observed  at  a  number  of  stations 
upon  the  catchment,  this  also  may  be  closely  approximated  to, 
and  certainly  the  result  should  be  sufficiently  accurate  to  show 
any  effect  which  has  economic  importance.  We  have  collected, 
in  the  following  table,  the  results  of  such  measurements  for 
thirty-four  catchments,  largely  in  the  eastern  United  States, 
with  some  in  the  west  and  a  few  in  England.  We  have  also 
given  the  authority  for  these  figures  and  data,  which  will  enable 
the  reader  to  understand  the  care  with  which  the  compilation 
has  been  made.  We  do  not  claim  accuracy  for  these  data,  but 
we  will  show,  as  we  proceed  with  the  analysis,  that  there  is 
sufficient  consistency  in  the  results  to  warrant  such  conclusions 
as  we  have  attempted  to  draw  from  them. 
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Results  of  Slream  Gaiigings. 


New  England  — 
Merrimac,  . 
Sudbury,  .   . 

Cochituate.  . 
Mystic,' .  ,  . 
Connecticut, 


Ne^.'  York- 
Croton  (i).  .  . 
Croton  (z).  .  . 
Upper  Hudson, 
Genessee,  .  .  . 
Hemlock  Lake. 
Skaneateles  Lake, 


Pequannock, 
Ratnapo,    .    . 
Musconetcong, 
Pequest, 
Paulins  Kill, 
Raritan,    .   . 


Great  Egg  Harbor, 


Penmylvanta  — 
Tohickon, 
Neshaminy, . 

Perkiomen,  . 


Olher  States  — 
Potomac,  Va  , 
Savannah,  Ga., 
Muskingum,  O. 
Desplaines.  III., 
Kansas.  Kan., 


England — 
River  Lea,    . 
Wandle,     .   . 
Thames.    .   . 
Wendover  Springs.Ui 
10  FOR 


^'hii.  J9  73  20-30.  i9Ai  40 

75  46-19  2257  23.62:         14 

191  44.19  '9S9,  24.30  Small. 

27  43.73!  20-ni  23.63  Small. 

>,234  44-48,  23.61.  20.87         53 


1 


353    48-38 

353    44-73 

J,  500    43.73 


23.5':  24.87 
22.131  22-6oi 
""     -'-19 


:34.    i%M' 


.70     Large, 


160 
'56 
'53 
175 
789 


47-55'  a2.94|  24.61 

47.09  23.71I  23.38 

50.90  26.85  24-05' 

48.191  24.31  23-88 

44-52  23-55-  20-97 

43-87  23.33  20.54 

46.48  24.28  22. 20 

45.50  21.75  23.75 

48.39  20.48  27.91 

52.03  23.10,  28.93! 


50.25      28.93:    21.32 

47-69    «.33l   2436 

48.07;     23.85      24  22j 


43-5"  I 

54.04I 

39-99| 
32-37 
25.10 


38.8  I 

27.63 

'  a9-04' 


18.691   24.82! 


2:65 


.*.U3    27.32'    Small. 
7.37    25-00'    Small. 
0.97    24 10      Very 
Small. 
1.85  Wooded 


7-77 
2.97 


4» 

68. 

8    64. 

■     66., 

66., 

45 

65.4 

18 

5'   «9. 

* 

6S.5 

4t 

66. 

47 

67. 

". 

5    «?• 

65      61.    77. 


6.9  I  21.8  i  Small. 

9.5  29.3  Sm&H. 

7-331  20.3  I  Small. 

9. 00'  20.0  I  Small 
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Appended  is  a  list  of  the  authorities  from  which  the  above 
data  are  drawn : 

AUTHORITIES  AND  REMARKS. 

Mefrtmac. — Reports  of  Massachusetts  Board  of  Health,  1892  to  1898,  in- 
clusive, give  the  run-off.  Rain- fall  and  temperature  are  compiled 
from  records  of  U.  S.  Weather  Service  and  New  England  Weather 
Service. 

Sudbury,  Cochituate  and  Mystic.  -  From  Nineteenth  Annual  Report  of  the 
Boston  Water  Board.  The  Cochituate  record  begins  in  1863,  but  the 
early  years  seem  less  reliable,  so  that  I  have  used  the  record  from 
1875,  making  it  cotemporaneous  with  the  Sudbury. 

Connecticut — From  Results  of  Stream  Measurements,  U.  S.  Geological 
Survey,  1S95.  The  year  1871  is  incomplete  while  1873,  1874  and  1876 
show  run  off  from  December  to  May  so  largely  in  excess  of  rain -fall 
that  I  have  rejected  them  in  making  up  the  averages.  Temperature 
from  U.  S.  Weather  Records.  The  original  stream  gaugings  were 
made  by  the  U.  S.  Engineer  at  Hartford 

Croton  (/).— Originally  compiled  for  the  Report  on  Water-Supply,  pub- 
lished by  the  Geological   Survey  of  New  Jersey  in   1894.     Run-off 
from  Reports  of  Department  of  Public  Works,  of  New  York  City. 
Corrected  for  amounts  drawn  from  or  supplied  to  storage.     Area  of 
catchment  353  square  miles,  from  survey  made  b^^  the  author,  for 
New    Croton    Aqueduct    Commission,   which    survey  is    based    on 
accurate  triangulation,  and  area  is  computed  geodetically.     The  area 
long  in  use  by  Department  of  Public  Works  is  338  square  miles 
based  on  a  traverse  survey,  necessarily  less  accurate.     The  use  of  the 
correct  area  is  important  in  this  connection,  as  it  makes  the  depth 
of  run-off  4.4  percent,  less  than  that  given  in  the  department  estimates. 

Croton  (^).- These  figures  are  taken  from  the  Report  of  the  Croton  Aque- 
duct Commission,  1887-1895.  The  depth  of  the  run-off  is  corrected  to 
conform  to  the  correct  area,  353  square  miles,  as  above  described. 

Upper  Hudson.— Vrom  MS.  furnished  by  Geo.  W  Rafter.  C.  E. 

Genessee.—VroiM  MS.  furnished  by  Geo.  W.  Rafter  C.  E.  These  and  the 
Upper  Hudson  records  are  the  ones  referred  to  by  him  in  a  paper 
on  "  Stream-flow  in  Relation  to  Forests."  Proceedings  American 
Forestry  Association,  Vol.  XII. 

Hemlock  Lake.—  Measurements  made  by  the  Rochester  Water  Department 
and  furnished  by  J.  Nelson  Tubbs   C.  E. 

Skaneateles  Lake.  — ^\\r\-o^  from  records  of  the  Syracuse  Water  Depart- 
ment. Rain-fall  and  temperature  from  records  of  New  York  State 
Weather  Service. 

Hackrusack.—  Run-off  from  records  of  Hackensack  Water  Co.  Reorganized. 
Chas.  B.  Brush,  engineer. 

Passaic-  —Run-off  from  records  originally  used  for  Report  on  Water-Supply. 
(icological  Survey  of  New  Jerse}*,  1894.  which  have  been  re-computed 
and  checked. 
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Peguannock. ^Rnn-off  furnished  by  Clemens  Herschel,  C.  E..  Supt.  East 
Jersey  Water  Company.  Rain-fall  prepared  from  N.  J.  State  Weather 
Service  records  for  Charlottesburg,  etc.,  as  the  Oak  Ridge  record 
furnished  by  Herschel  does  not  appear  to  be  representative  of  the 
rain -fall  on  the  water- shed. 

Other  A'ew  Jersey  Streams,— Yroui  Report  on  Water-Suppl}',  Geological 
Survey  of  New  Jersey.  1894.  Temperature  revised  to  date  from  rec- 
ords of  New  Jersey  State  Weather  Service. 

Tohickon^  Neshatniny^  Perktotnen.  —  Annual  Reports  of  Philadelphia  Water 
Department,  also  paper  in  Vol.  XIV,  Proceedings  of  Engineers*  Club 
of  Philadelphia,  by  John  E.  Codman. 

Potomac: —The  Hydrography  of  the  Potomac  Basin,  by  Cyrus  C.  Babb, 
Proc.  Am  Soc.  C.  E.,  Vol.  XXV^I.  Two  years  of  this  record  show 
such  large  discrepancies  in  run-off  as  compared  with  the  rain-fall  that 
they  are  rejected  in  making  up  the  average. 

SaviUitt ah. —Results  of  Stream  Measurements,  U.  S.  Geological  Survey, 
1891,  page  148.  Instead  of  taking  the  rain-fall  of  Augusta  alone  I  add 
19  % ,  which  is  the  average  excess  over  Augusta  rain-fall  shown  by 
five  stations  which  fairly  represent  the  entire  water-shed. 

Muskingum,  Dtsplaines. — "  Stream- flow  in  Relation  to  Forests  "  Geo.  W. 
Rafter.     Proceedings  American  Forestry  Association,  Vol.  XII. 

Kansas,— '^ulleXAn  140,  U.  S.  Geological  Survey,  and  rain-fall  from  U.  S. 
Weather  Service  Bulletins. 

Clear  Creek.-^Vol.  XVII.  Tenth  Census,  p.  52  (336). 

Sweetwater ,--%ull^Wn  140,  U.  S.  Geological  Survey,  p.  322. 

Lea  — Transactions  American  Society  of  Civil  Engineers,  Vol.  XVIII, 
p.  297. 

Wandle^  Thames^  Wendover  »Sl^ri»^5.— Proceedings  Institute  of  Civil  En- 
gineers, Vol.  CV,  p.  56,  etc. 

A  careful  examination  of  the  foregoing  table  must  convince 
an^y  candid  obser\'er  that  there  are  more  potent  agencies  than 
forests  effecting  the  evaporation  ;  thus  the  evaporation  on  several 
streams,  which  have  more  than  half  the  area  of  catchment 
covered  with  forests,  is  as  follows  :•  Connecticut,  20.87 ;  Upper 
Hudson,  21.19;  Hackensack,  24.61;  Passaic,  23.38;  Great  Egg 
Harbor,  28.93 ;  Potomac,  24.82  ;  Savannah,  31.85. 

Here  we  liave  a  range  of  11  inches  in  evaporation  without  a 
corresponding  range  in  forest  conditions,  and  it  will  be  found 
that  generally  the  larger  evaporation  corresponds  with  the 
higher  temperature.  While,  in  the  State  of  New  York,  the 
short  three-year  series  on  the  Genessee  river  appears  to  show 
about  6  inches  more  evaporation  than  the  figures  for  the  Upper 
Hudson  ;  on  the  other  hand,  the  deforested  catchment  of  Skan- 
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eateles  lake  shows  2.3  inches  less  than  the  forested  Hudson  ;  and 
the  Connecticut,  with  fifty-three  per  cent,  of  forests,  shows 
larger  evaporation  than  the  Merriniac,  with  but  forty  per  cent.; 
while  the  highest  evaporation  in  the  table  is  shown  by  the  well 
forested  Batsto,  Great  Egg  Harbor  and  Savannah  catchments. 

Indeed,  the  variation  in  evaporation  can  only  be  satisfactorily 
accounted  for  by  the  differences  of  rain-fall  and  temperature. 
We  have  been  able  to  determine  accurately  the  effect  of  var>'ing^ 
rain-fall  from  the  fact  that  this  can  be  studied  in  the  long  records 
of  a  single  stream,  such  as  the  Sudbury,  Cochituate,  Mystic, 
Croton  or  Passaic.  Beginning  with  these  streams  and  working 
out  to  the  others  shown  in  the  table,  and  also  taking  into  con- 
sideration the  well-known  law  by  which  the  capacity  of  the 
atmosphere  to  retain  moisture  is  determined  by  the  temperature, 
we  have  evolved  the  following  equation  to  express  the  relation 
between  evaporation  (E.),  rain-fall  (R.),  and  temperature : 

E  =  (ii  -f  .29R)M. 

In  this  equation  M  is  a  factor  depending  upon  the  mean  tem- 
perature of  the  atmosphere.* 

Now,  if  we  take  from  the  table  of  stream  measurements  the 
given  rain-fall  and  temperature  for  each  catchment,  and  by 
means  of  this  formula  compute  the  evaporation,  that  computa- 
tion will  give  us  what  the  evaporation  should  be  if  it  is  influenced 
only  by  rain-fall  and  temperature.  If  the  obser\'ed  evaporation 
differs  from  this  computed  evaporation,  the  difference  may 
possibly  be  accoimted  for  by  the  influence  of  forests,  humidity, 
wind,  or  difference  in  the  distribution  of  rain-fall  through  the 
year.  We  niight  expect  to  find  that  hmnidity  affects  the  evapora- 
tion to  some  extent  in  case  this  humidity  is  derived  from  the  sea 
or  other  large  water-surfaces  in  the  vicinity  of  the  catchment. 
We  are  not  perpared  to  say  that  inider  these  conditions  it  has 
not  some  effect,  but  the  results  of  our  studies  given  later  indicate 
that  this  effect  is  a  minor  one.  It  is  possible  that  the  evapora- 
tion on  southern  stream  basins  is  somewhat  decreased  by  this 
influence,  while  on  the  Kansas,  Desplaines  and  similar  interior 
streams,  it  mav  be  relativelv  increased. 

*  Values  of  M  for  given  temperatures  are  as  follows  : 

40°— 0.77.  41°— 0.79,  42°— 08a,  43O— 0.85,  4»^^— 0.88.  45^— 0  9«.  46"^— 094,  47^^— 0-97.  48*^—1.00. 
49O-1.03,  50°— 1.07,  51^— i.io,  5a°-i.i4,  53°— «.«8,  54°— i.aa,  55°-«  26,  5^0— ,.30,  57°-i.34,  5SO— 1.39, 
59O— 1.43,  60°— 1.47,  6i°— 1.51. 
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Wind  increases  evaporation,  but  its  influence  to  cause  variation 
between  catchments  is  limited  because  the  variation  in  the  total 
amount  of  wind  through  the  year  is  limited.  If  we  had  a  catch- 
ment on  which  the  wind  blows  all  the  time  to  compare  with  one 
on  w^hich  there  is  little  or  no  wind,  no  doubt  the  difference  in 
evaporation  would  be  appreciable. 

In  case  the  summer  rain-fall  is  large,  the  evaporation  will  be 
greater  than  that  given  by  the  fonnula,  which  is  based  upon 
such  rain-fall  as  that  of  the  Eastern  and  Middle  States,  which  is 
quite  evenly  distributed  through  the  year.  This  difference  may 
be  taken  into  account  by  monthly  or  seasonal  formula,  but  this 
is  a  matter  of  too  much  detail  for  the  purposes  of  this  paper. 

Such  a  computation  as  we  have  indicated  is  made  in  the 
following  table.  The  streams  are  grouped  into  deforested  catch- 
ments, having  less  than  40  per  cent,  of  the  area  in  forests  and 
forested  catchments  having  more  than  this  percentage. 

Observed  Evaporation   Compared  with  Evaporation   Computed 
on  the  basis  of  Rain-fall  and  Temperature, 

DEFORESTED    CATCHMENTS. 

Per  ceat.         Obserred         Computed       Differ-    Differ- 
STRBAU.  of  Annual  Annual  ence.        ence. 

Forest.         ETaporation.    Evaporation.    Inches.  Percent 

Sudbury, 14  23.6  24.4  — 0.8  — 3 

Cochituate, Small.  24.3  23.8  4-0.5  +2 

Mystic, Small.  23.6  22.6  o  o 

Croton, 30  24.9  250  —0.1  o 

Genessee, 27  27.2  206  -f6.6  4-24 

Skaneateles, 12  18.9  19.6  — 0.7  — 4 

Miisconetcong, 39  21.0  23.7  —2.7  — 13 

Pequest, .       18  20.5  24.0  — 3.5  — 17 

Paulinskill, 27  22.2  25.2  — 3.0  — 14 

Raritan, 13  23.7  25.9  — 2.2  — 8 

Tohickon, 24  21.3  28.2  — 6.9  — 32 

Nesharainy, 6  24.4  28.3  — 3.9  — 16 

Perkiomen 25  24.2  2S.2  —4^1  — 17 

Muskingum, Small.  27.3  25.7  -fi.6  -|-6 

Desplaines, Small.  25.0  19.8  +5.2  4-21 

Kansas Small.  24.1  20.5  -f-3.6  -7-15 

Sweetwater, Small.  21.9  22.2  —0.3  — i 

Lea Small.  21.8  21.3  -fo.5  -1-2 

Wandle, Small.  29.3  24.5  -i-4.8  -f  17 

Thames, Small.  20.3  20.9  — 0.6  — 3 

Wendover  Springs, Small.  20.0  21.4  — 1.4  —7 


20.3 

—0.9 

—5 

21.5 

-0.6 

3 

19. 1 

+2.1 

+  10 

17.4 

—2.7 

—18 

25.2 

—0.6 

— 2 

24.7 

—0.7 

—3 

24.2 

— 0.1 

— 0 

24.3 

—0.4 

— 2 

28.0 

—0.1 

—0 

29.1 

— 0.2 

— I 

289 

—4.1 

17 

35-7 

3-9 

13 

13.1 

—02 

— 2 
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FORESTED  CATCHMENTS. 

Merrimac, 40  19.4 

Connecticut,     53  20.9 

Upper  Hudson, 80  21.2 

Hemlock  Lake, Large.  14.7 

Hackensack, 60  246 

Passaic 58  23.4 

Pequannock, 78  241 

Ramapo, 75  23.9 

Batsto, 88  27.9 

Great  Egg  Harbor,     .....  88  28.9 

Potomac, 52  24.8 

Savannah,     65  31.8 

Clear  Creek, 129 


Excepting  for  the  Savannah,  the  mean  temperature  is  used  in 
all  cases,  but  for  that  stream  the  summer  temperature  is 
decidedly  lower,  as  compared  with  the  mean  for  the  year,  than 
for  other  streams,  consequently  as  the  summer  is  the  season  of 
maximum  evaporation,  the  evaporation  is  estimated  on  the  basis 
of  the  summer  temperature. 

The  fifth  column  of  this  table  gives,  in  inches,  the  amount  by 
which  the  measured  evaporation  is  greater  or  less  than  the 
evaporation  computed  from  rain-fall  and  temperature,  and  the 
last  column  shows  the  percentage  of  the  measured  evaporation 
which  this  discrepancy  represents.  It  is  not  usually  to  be 
expected  that  the  measurements  are  correct  within  five  per 
cent.,  considering  possible  errors  in  both  rain-fall  and  stream 
measurements;  therefore,  it  is  significant  that  17  streams  having 
an  average  length  of  record  of  12  years,  differ  from  the  results 
given  by  the  formula  less  than  5  per  cent.,  the  mean  being  but 
1^2  per  cent.,  while  three  more,  with  average  records  of  11 
years,  vary  from  6  to  8  per  cent.,  the  algebraic  mean  being  3 
per  cent.,  and  the  remaining  14  streams,  which  differ  more 
widely,  have  an  average  length  of  record  of  6.5  years  only, 
the  average  difference  for  these  being  5  per  cent.  As  has  been 
previously  intimated,  these  larger  differences  would,  in  many 
cases,  be  reduced  by  a  more  detailed  computation,  which  would 
take  into  account  the  distribution  of  rain-fall  by  sea.sons.  The 
burden    of    evidence   of    these    stream   gaugings,   therefore,    is 
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heavily  against  the  theor>'  that  forests,  or  any  other  cause 
except  rain-fall  and  temperature,  affects  evaporation  to  any 
important  extent. 

The  large  excess  of  evaporation  on  the  Genessee  is  unaccount- 
able. No  such  excess  appears  on  the  Skaneateles,  which  has  a 
similar  climate,  and  is  even  more  deforested,  but  the  excess  on 
the  Desplaines  and  Kansas  is  fully  accounted  for  by  the  large 
excess  of  spring  and  summer  over  fall  and  winter  rain-fall. 

The  excess  on  the  Wandle,  in  England,  is  possibly  attribut- 
able to  escape  of  the  water  downward  into  the  chalk,  but  the 
figures  for  the  Lea,  Thames  and  Wendover  Springs  agree  quite 
closely  with  our  formula.  It  is  remarkable  that  the  Sudbury, 
with  14  per  cent.,  the  Merrimac,  with  40 ;  the  Connecticut,  with 
53;  the  Skaneateles,  with  12  ;  the  Raritan,  with  13  ;  the  Hacken- 
sack,  with  60 ;  the  Passaic,  with  58 ;  the  Ramapo,  with  75,  and 
the  Egg  Harbor  and  Batsto,  with  88  per  cent,  of  forest  area,  all 
conform  closely  to  the  formula,  showing  that  a  range  from  12  to 
88  per  cent,  in  forest  area  is  not  sufficient  to  materially  affect  the 
evaporation.  Allowing  for  differences  due  to  seasonal  distribu- 
tion of  rain-fall,  it  seems  to  be  sufficiently  clear  that  a  formula 
based  only  upon  rain-fall  and  temperature  can  be  made  to 
harmonize  the  results  of  stream  gaugings  as  closely  as  the 
unavoidable  errors  of  gauging  and  rain-fall  measurement  will 
admit  of.  Indeed,  if  it  seemed  warrantable,  for  the  purposes  of 
this  paper,  to  introduce  extended  computations  by  months 
instead  of  by  years,  it  could  be  shown  that  all  influences,  except 
temperature  and  rain-fall,  are  practically  negligible  in  determin- 
ing evaporation  and  stream  yield,  so  far  as  is  shown  by  the  best 
records  of  measurement  now  available.  Consequently,  we  con- 
clude that  stream  gaugings  show  no  decrease  of  evaporation 
owing  to  the  presence  of  forests  upon  the  catchments. 

Another  class  of  experiments  often  quoted  in  this  connection 
has  no  bearing  at  all  upon  the  relative  evaporation  from  a 
wooded  or  an  open  country,  so  far  as  it  affects  the  streams.  I 
refer  to  those,  such  as  Dr.  Ebermayer's,  which  show  that  the 
evaporation  from  a  water-surface,  or  from  the  soil  beneath  the 
forest  trees,  or  beneath  the  litter  of  the  forest,  is  less  than  in  the 
open.  This  we  readily  concede  to  be  true,  but  we  must  deter- 
mine whether  or  not  this  is  offset  by  the  large  volume  of  water 
taken*  up  by  the  roots  of  the  tree  and  transpired  from  its  leaves 
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into  the  atmosphere  above  the  tree-tops.  Nor,  again,  can  we 
believe  that  it  would  not  be  found  that  evaporation  from  beneath 
the  leaves  of  a  heavy  crop  of  Indian  corn  or  clover  would  also 
be  less  than  in  the  open.  The  same  answer  applies  to  the  state- 
ment that  temperature  beneath  the  forest  trees  being  less,  on  our 
theory  that  evaporation  is  so  much  affected  by  the  temperature, 
this  would  call  for  a  less  evaporation  from  forests.  What  it  does 
call  for  is  a  less  evaporation  beneath  the  leaves  of  the  forest, 
which  we  have  already  stated  is  undoubtedly  the  fact,  but  it 
cannot  affect  the  evaporation  measured,  as  it  must  be,  above  the 
level  of  the  tree-top.  It  ought  not  to  be  necessary  to  remind 
scientific  writers  that  it  is  not  proper  to  measure  evaporation 
from  crop  areas  so  as  to  include  water  taken  up  by  the  plants, 
and  evaporation  from  forests  so  as  not  to  include  water  taken  up 
by  the  trees,  and  then  attempt  to  compare  these  two  measure- 
ments in  order  to  determine  relative  evaporation  from  forest  and 
from  farm  crops.  (See  Proceedings  of  the  American  Forestry 
Association,  Vol.  XII,  page  157.) 

EFFECT   UPON    MAXIMUM    AND   MINIMUM    FLOW   OF   STREAMS. 

While  we  have  pointed  out  the  beneficial  effect  of  forests  in 
equalizing  the  flow  of  streams,  this  effect  does  not  appear  in  the 
maximum  and  minimum  flow.  The  reason  is  that  the  severest 
floods  occur  imder  such  conditions  as  that  of  a  wann  rain  falling 
suddenly  upon  a  heavy  accumulation  of  snow,  or  upon  ground 
frozen  in  such  a  manner  that  it  cannot  be  absorbed.  Or  if  it  is 
in  summer,  the  ground  may  already  be  so  saturated  with  water 
as  to  prevent  further  absorption.  Forests  are  powerless  to 
prevent  floods  under  such  extreme  conditions  as  these,  although 
they  do  diminish  the  number  of  floods. 

In  the  same  manner  the  extreme  low  point  is  reached  when 
the  streams  have  been  for  a  long  time  drawing  upon  their 
springs  and  have  extracted  the  water  from  the  ground  to  a 
considerable  depth  below  the  surface.  Our  investigations  show 
that  the  lowest  discharge  is  usually  reached  when  the  water 
has  been  drained  from  the  subsoil  to  an  average  depth  of  over 
four  feet.  It  should  te  evident  that  when  the  water  which 
feeds  the  stream  is  coming  from  points  so  far  beneath  the  sur- 
face, the  humus  or  other  surface  peculiarities  of  forests  can  have 
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little  effect  upon  the  rate  of  its  discharge.  The  following  table 
shows  the  greatest  and  least  rate  of  discharge  on  various  streams 
and  the  percentage  of  catchment  area  covered  with  forests : 


CATCHMENTS 


Sudbury,  Mass., 

Croton,West  Branch,  N.  Y., 

Ramapo,  N.  J., 

Wanaque,  N.  J., 

Wanaque,  N.  J 

Pequannock,  N.  J.,  .  .  . 
South  Branch,  N.  J. ,  .  .  . 
Rockaway,  N.  J.,  .... 
Musconetcong,  N.  J.,     .    . 


LESS  THAN   200  SQUARE  MILES. 

Flood  Flow  in 
Per  cent.       Cubic  Feet  per 
of  Area  in         Second  per 
Forest.  Square  Mile. 

41.4 
54.4 

66.1 

48.9 


i  ( 


Paulins  Kill,  N.  J.,     .   .   . 


it 


1 1 


Swartswood  Lake,  N.  J. ,  . 
Pequest,  N.  J., 


t « 


( t 


t  ( 


1 1 


•  t 


t  ( 


Tohickon,  Pa  ,  . 
Neshaminy,  Pa.,  . 
Perkiomen,  Pa.,  . 
Hackensack,  N.  J., 


•   •    « 


Catchments 

in  Square 

Miles. 

78 

20 
160 
lOI 

73 
48 

67 
119 

130 

36 

175 
126 

16 

158 

83 

35 
2 

102 

139 
152 

115 


14 
56 
75 
75 
85 
78 

30 
82 

30 

85 

27 

27 
22 

18 

18 

18 

•       • 

28 

7 

25 
60 


99.0 

115-0 

1 13.0 

43-0 

45-0 
64.0 

26.0 

54.0 

65.8 

130 
9.6 

18.7 

25.3 
55-3 
41.4 
34.9 


CATCHMENTS  OF  200  TO  2,O0O  SQUARE  MILES. 


Concord,  Mass.,   . 
Charles,  Mass.,    . 
Housatonic,  Conn., 
Croton,  N.  Y. ,  .   . 
Passaic,  N.  J. ,  .   . 


I  ( 


Raritan,  N.  J.,  .    . 
South  Branch,  N.  J 
Great  Egg  Harbor, 
Schuylkill,  Pa.,    . 
Potomac,  Md.,  .   . 
Greenbrier,  Va..  . 
Shenandoah,  Va., 
Neuse,  N.  C,    .   . 


N 


361 

215 
790 

339 

797 
822 

879 
276 

216 

1,800 

920 

870 

770 

1,000 


12.3 


30 

74.9 

59 

24.2 

58 

22.2 

13 

68.0 

13 

ICO.O 

88 

22.0 

52 


19-5 


Lowest  Flow  in 

Cubic  Feet  per 

Second  per 

Square  Mile. 

0.036* 

0.020 

0.140 


0.130 


0.170 


O.CX)I 

0. 

009 

0. 

050 

0. 

190 

0. 

17 

0.20 

0. 

17 

0. 

15 

0. 

19 

0. 

19 

0 

14 

0. 

27 

0. 

17 

0.02 

0. 

.12 

0. 

17 

0. 

19 

*  This  has  since  fallen  lowor  because  of  the  construction  of  artificial  reservoirs,  causing  increased 
eTaporatioD. 
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CATCHMBNTS  OVER  2,000  SQUARE  MILES. 

Merrimac,   Mass.,    ....  4,599  •   •  20.9  0.31 

Connecticut.  Conn.,    .   .   .  10,234  53  20.3  0.31 

Delaware.  N.J. , 6,790  53  37.5  0.17 

Ohio,  Pa., I9i90o  .   .  .   .  o.ii 

Potomac,  Va., 4,640  52  22.2  0.08 

Kanawha,  Va., 8,900  .   .  13.5  0.12 

James,  Va , 6,800  .   .  0.19 

Since  the  flood-flow  is  always  at  a  less  rate  per  square  mile  on 
large  catchments  than  on  small  ones,  we  have  grouped  the 
streams  according  to  the  size  of  the  catchment.  It  will  be  seen 
that  there  is  no  relation  between  the  forest  area  and  either  the 
greatest  or  least  flow. 

In  February,  1896,  during  the  progress  of  these  forest  sur\'eys, 
floods  of  great  severity  occurred  on  all  of  the  streams  of  Northern 
New  Jersey,  and  a  good  opportunity  was  afforded  to  study  the 
relative  rate  of  discharge  on  forested  and  deforested  catchments. 
These  floods  were  caused  by  a  warm  rain,  amounting  to  about 
3.7  inches,  falling  upon  an  accumulation  of  from  6  to  7  inches  of 
snow,  the  ground  being  frozen  ;  and  of  the  total  amount  of  water 
resulting,  equivalent  to  about  43^  inches  of  rain,  2.7  to  3.7  inches 
was  discharged  with  great  suddenness  into  the  streams.  Care- 
ful studies  were  immediately  made  of  the  rate  of  discharge  and 
the  results  are  shown  in  the  follow^ing  table : 

Maxinmm  Rate  of  Discharge^  February  d,  i8<)6. 

Cubic  feet 
Area  in  Percentage  per  second 

CATCHMENTS.  iquare  miles.  of  forest.        per  square  mile. 

Raritan, 879  13  68 

Passaic, 822  58  22 

Pompton, 285  76  65 

South  Branch 276  13  100 

PaulinsKill, 175  27  26       • 

Ramapo 160  75  54 

Pequest 158  18  13 

Musconetcong,     130  30  45 

PaulinsKill, 126  27  54 

Rockaway, iiS  82  43 

Ramapo, 86  80  56 

Wanaque, 73  85  99 

South  Branch, 67  30  113 

Pequannock,      48  78  115 

Whippany, 38  36  84 

^Tt'—netcong, 36  85  64 

'  Brook 10  5  140 
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In  this  table,  wherever  the  flood  has  been  held  back  by  stor- 
age reser\'oirs,  the  maximum  rate  of  flow  is  taken  to  be  that  of 
that  portion  of  the  catchment  not  affected  by  such  holding  back. 
Such  correction  has  been  made  on  the  Pompton  for  the  storage 
reservoirs  of  the  East  Jersey  Water  Company  and  for  Green- 
wood lake,  but  several  other  natural  lakes  upon  the  catchment 
have  not  been  allowed  for,  so  that  the  maximum  rate  for  the 
Pompton  is  undoubtedly  still  reduced  by  these  other  lakes. 
The  maximum  rate  on  the  Pequannock  is  taken  to  pertain  only 
to  the  portion  of  the  catchment  below  the  East  Jersey  storage 
reservoirs.  For  the  Wanaque  the  catchment  has  been  reduced 
by  throwing  out  the  part  controlled  by  Greenwood  lake, 
although  nothing  is  allowed  for  Sterling  lake.  The  Musconet- 
cong  maximum  is  also  corrected  by  throwing  out  the  portions  of 
catchment  controlled  by  lake  Hopatcong  and  Stanhope  reserv^oir. 
The  maximum  rates  of  discharge  here  given  are  consequently 
sufficiently  accurate  to  admit  of  comparison.  The  table  is  con- 
venient for  ready  reference  and  general  comparison,  but  without 
allowing  for  local  peculiarities  no  useful  lesson  can  be  learned 
from  it  as  to  the  effect  of  forests  upon  flood-flow.  The  maxi- 
mum rate  of  discharge  measured  in  this  way  is  effected  by  purely 
local  conditions,  mainly  by  the  shape  of  the  valley  at  the  point 
where  the  measurement  is  taken.  The  velocity  of  discharge 
down  the  valley  is  determined  by  the  depth  of  the  water  and  the 
slope  of  the  valley  above  the  point  of  gauging.  It  is  also  affected 
to  a  less  degree  by  the  capacity  and  slope  of  all  the  valleys  of  the 
catchment.  Where  these  are  flat,  so  that  the  water  can  spread, 
no  great  depth  can  be  attained,  and  the  rate  of  discharge  is 
consequently  lower.  The  retarding  effect  of  forests,  if  any  exist, 
would  be  better  shown  by  the  rate  at  which  the  water  comes  in 
to  the  valleys  from  the  surrounding  slopes.  Thus,  on  the  Rari- 
tan,  we  determine  by  taking  the  accumulation  of  water  between 
the  dam  below  Bound  Brook  and  the  mouth  of  the  Millstone, 
that  for  six  hours  the  water  was  discharged  into  this  portion  of 
the  valley  at  a  rate  which  averaged  almost  as  high  as  the  maxi- 
mum recorded  for  a  short  time  at  the  dam,  and  from  this  we 
must  infer  that  the  maximum  rate  of  discharge  into  the  valley 
above  the  dam  was  much  higher.  On  two  water-sheds  exactly 
similar  in  topography,  the  rate  of  discharge  will  be  greater  as 
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the  size  of  the  water-shed  is  less.  This  fact  appears  throughout 
the  table,  and  allowing  for  this  it  is  impossible  to  detect  any 
relationship  between  the  maximum  rate  of  discharge  and  the 
percentage  of  forest  on  the  catchment.  The  relative  height  of 
a  flood,  as  generally  understood,  and  its  destructiveness,  are 
accurately  measured  by  the  maximum  discharge  above  shown. 
On  two  catchments  fairly  similar  in  topography,  one  of  which  is 
largely  forest-clad  and  the  other  deforested,  the  forest-clad  water- 
shed should  show  a  Ipwer  rate  of  flow  if  forests  exert  a  control- 
ling effect  upon  such  extreme  floods.  The  Ramapo  at  Pompton 
and  the  Paulinskill  at  Hainesburg  seem  to  be  fairly  comparable. 
The  former  with  75  per  cent,  of  forest  shows  a  maximum  rate  of 
54,  while  the  latter  with  27  per  cent,  of  forest  shows  a  maximum 
rate  of  but  26.  Again,  the  upper  Ramapo  with  80  per  cent,  of 
forest  shows  a  maximum  rate  of  56,  while  the  Wanaque  with  85 
per  cent,  of  forest  shows  a  rate  of  99,  and  the  Pequannock,  with 
78  per  cent,  of  forest,  a  rate  of  115.  The  Pequannock  shows 
about  the  same  maximum  rate  as  the  South  Branch  at  High 
Bridge,  although  the  latter  has  only  30  per  cent,  of  forest. 
There  are  enough  of  such  instances  to  entirely  break  the  force 
of  the  cases  in  the  table  which  seem  to  show  a  higher  rate  for  a 
less  percentage  of  forest,  such  as  the  Pompton  and  the  south 
branch  of  the  Raritan,  or  the  Whippany  and  Upper  Musconet- 
cong,  and  the  conclusion  is  inevitable  that  any  effect  which 
forest  may  have  upon  the  maximum  rate  of  discharge  is  entirely 
subordinate  to  other  controlling  influences  which  we  have  stated 
to  be  mainly  topographic. 

The  destructive  character  of  the  flood  under  consideration, 
which  in  most  places  seems  to  have  been  higher  than  any 
previously  recorded,  has,  as  usual,  been  freely  attributed  to 
deforestation.  We  repeat  our  caution  that  the  mere  fact  that  a 
flood  is  higher  at  a  given  point  than  heretofore,  does  not  mean, 
necessarily,  that  its  rate  of  discharge  was  greater,  but  may  mean 
that  the  valley  has  been  artificially  obstructed  during  recent 
years  by  bridges,  dams  or  embankments.  Admitting,  however, 
that  this  flood  generally  had  a  higher  rate  of  discharge,  we  must 
bear  in  mind  the  absolute  dearth  of  evidence  either  that  the  area 
of  forest  is  less,  or  that  its  condition  is  in  any  way  inferior  to 
that  of  1850. 
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Retiiniin^  to  the  analysis  of  this  flood,  the  following  table 
presents,  in  a  more  satisfactory  way  than  the  foregoing  one,  data 
which  may  indicate  retardation  of  the  discharge  by  forest,  if  it 
exists : 

Discharge  by  Periods^  February  6^  18(^6.    % 

IN   INCHES  ON   CATCHMENT. 

Area  in   Per  cent.  Discharge  in  given  hours  from 

CATCHMENT.  Square  of  t beginning. . 

miles.       forest.  12*  34  48  7a 

Passaic  at  Dundee, 822  58  o.io  0.36  1.13  1.72 

Raritan  at  dam, 879  13  0.41  1.48  2.43  2.74 

Passaic  at  Two  Bridges.  .   .    .  773  58  0.61  1.55  2.37  2.72 

Raritan  at  Bound  Brook,     .    .  879  13  0.63  1.59  2.43  2.74 

Pompton, 350  76  0.71  1.55  2.42  2.89 

Ramapo, 160  75  0.54  1.34  2.62  3.13 

Paulinskill, 126  27  0.39  1.20  2.31  2.91 

Rockaway 118  82  0.44  1.21  2.08  2.50 

Ramapo, 86  80  0.55  1.32  2.54  3.01 

South  Branch, 67  30  1.13  1.73  2.60  3.12 

Pequannock 63  78  1.42  2.45  3.22  3.53 

Musconetcong, 2>7  85  1.12  2.27  3.53  3.73 

Lake  Hopatcong 22  94  .   .  2.37  3.01  .    . 


Percentage  of  Total  Discharge. 

BY  CONSECUTIVE  PERIODS. 

First  Second                First 

I  a  hours.  la  hours.  24  hours. 

Passaic 23  34               57 

Raritan, 23  35               58 

Pompton 25  29               54 

Ramapo,       17  26               43 

Paulinskill, 13  28               41 

Rockaway, 18  30               48 

Ramapo 18  26               44 

South  Branch, 36  19               55 

Pequannock 41  29                70 

Musconetcong, 30  31                61 


Second 

Third 

34  hours. 

34  hours 

30 

13 

31 

II 

30 

16 

41 

16 

38 

21 

35 

17 

40 

16 

28 

17 

22 

8 

34 

5 

In  the  first  of  these  tables  the  fio^iires  first  given  for  the 
Passaic  at  Dundee  and  Raritan  at  the  dam  are  for  flow  locallv 
restricted.  In  the  case  of  the  Passaic  this  comes  about  throngh 
the  operation  of  the  extensive  flats  and  the  restricted  outlet  at 
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Little  Falls,  while  in  the  case  of  the  Raritan  it  is  due  to  the 
dam  itself  and  other  artificial  obstructions.  In  the  figures  next 
given  for  the  Passaic  at  Two  Bridges  and  Raritan  at  Bound 
Brook,  this  is  corrected,  the  Passaic  figures  being  also  corrected 
to  allow^for  water  stored  in  lakes  and  reservoir^,  and  we  have 
the  rate  at  which  the  water  came  in  immediately  above  the 
point  of  restriction.  These  two,  together  with  the  Pompton^ 
represent  catchments  large  enough  to  be  free  from  local  and 
accidental  features.  ,  The  discharge  by  periods  does  not  show 
any  effect  traceable  to  forest  conditions,  indeed,  the  rapidity  of 
discharge  is  somewhat  greater  on  the  well-forested  Pompton 
catchment,  and  the  figures  are  nowhere  higher  than  for  the 
well-forested  Pequannock.  In  general  the  discharge  in  inches 
of  depth  for  the  first  day  will  be  greater  as  the  catchment 
decreases.  This  law  is  well  exhibited  in  the  24-hour  period. 
Taking  the  whole  72  hours  the  volume  of  flood-discharge  is  seen 
to  varv  materiallv  on  different  catchments.  This  mav  be  due 
to  local  differences  in  the  amount  of  rain  or  snow,  or  in  the 
absorbent  power  of  the  soil.  It  does  not  appear  to  be  less  on  the 
forested  catchments.  In  order  to  eliminate  the  effect  of  differ- 
ing volume  of  total  discharge  the  second  table  is  made  up  to 
show  what  percentage  of  the  total  was  discharged  during  the 
first  and  second  12-hour  periods  and  during  the  three  24-hour 
periods  from  the  beginning.  In  these  tables  the  agreement 
between  the  forested  Passaic  and  deforested  Raritan  catchments 
is  striking.  The  Pompton,  being  a  smaller  catchment,  naturally 
shows  a  little  higher  rate  for  the  first  12  hours.  But  it  is  about 
four  per  cent,  less  during  the  first  24  hours,  this  four  per  cent. 
having  been  carried  over  and  discharged  during  the  third  day. 
We  are  of  the  opinion  that  this  slight  retardation  is  attributable 
to  the  lakes  and  ponds  entirely.  That  it  is  not  due  to  the  high 
percentage  of  forest  seems  proven  from  the  fact  that  on  the 
Ramapo,  one  of  the  branches  of  the  Pompton  having  about  the 
same  percentage  of  forest,  the  retardation  is  considerably  greater 
than  on  the  Pompton.  Lakes  and  ponds  operate  also  in  the  case 
of  tlie  Rockaway  to  produce  a  similar  result.  The  South  Branch 
of  the  Raritan  sliows  a  more  rapid  discharge  than  the  foregoing 
streams,  but  less  rapid  than  the  much  l:)etter  forested  Pequan- 
nock and  Musconetcong,  showing  clearly  that  the  difference  is 
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chargeable  mainly  to  the  decreasing  size  of  the  catchment,  and 
not  to  deforestation. 

There  is  nothing  in  the  histor\'  of  floods  on  the  rivers  of  the 
State  which  can  be  accepted  as  proof  that  there  has  been  an 
increase  in  the  height  to  which  they  rise,  excepting  such 
increase  as  may  be  accounted  for  by  the  building  of  dams,  rail- 
road embankments  and  other  artificial  obstructions  which  inter- 
fere with  the  discharge. 

On  the  Delaware  we  have  records  of  a  great  flood  in  1692 
which  had  not  been  equaled  up  to  1765.  (Smith's  History, 
Chap.  XII.)  This  is  said  to  have  been  due  to  the  melting  of 
snow.  Another  great  flood  occurred  in  1786,  the  height  of 
which  is  recorded,  and  of  which  we  estimate  the  volume  at 
Lambertville  to  have  been  175,000  cubic  feet  per  second.  In 
1801,  1836  and  1839  there  were  floods  reaching  from  140,000  to 
150,000  cubic  feet  per  second.  On  January  8th,  1841,  a  disas- 
trous flood  occurred  which  reached  255,000  cubic  feet  per  second. 
Jime  8th,  1862,  there  was  another  of  about  224,000  cubic  feet 
per  second.  Other  floods  since  1841  have  not  reached  as  high  a 
point  as  that  of  1862.  There  is  certainly  nothing  in  these 
records  which  clearly  indicates  any  progressive  increase  in  the 
volume  of  floods,  but  it  appears  to  be  true  that  the  number  of 
floods  of  from  150,000  to  175,000  cubic  feet  per  second  are  more 
frequent  than  they  were  formerly.  The  history  of  this  stream 
is  important,  because  deforestation  on  the  large  portions  of  the 
catchment  lying  in  Pennsylvania  and  New  York  continued 
down  to  a  more  recent  date  than  in  New  Jersey. 

On  the  Raritan  there  have  been  four  great  floods  during  the 
century,  namely,  those  of  November  24th,  1810,  July  17th,  1865, 
September  24th,  1882,  and  February  6th,  1896.  So  near  as  we 
have  been  able  to  ascertain,  the  flood  of  1810  and  that  of  1882 
were  of  very  nearly  equal  volume,  while  that  of  1865  was  a 
little  lower,  and  that  of  1896  was  considerably  higher  than  any 
of  the  others.  Bearing  in  mind  that  deforestation  was  progres- 
sive on  the  Raritan  up  to  about  i860,  but  has  not  increased 
since  that  time,  it  is  clear  that  here  also  there  is  no  evidence 
that  deforestation  has  been  accompanied  by  an  increase  in  the 
height  of  floods.  The  same  is  true  of  the  Passaic,  on  which 
there  is  no  record  of  a  higher  flood  than  that  of  September,  1882. 
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We  have  investigated  also  the  lowest  reported  heights  of  the 
Delaware  since  1831,  and  these  seem  to  indicate  that  the  least 
flow  was  recorded  in  September,  1881,  but  this  is  accounted  for 
by  the  fact  that  the  droughts  occurring  in  1880  and  1881  were 
the  severest  of  which  we  have  any  record  in  the  rain-fall  during 
this  period,  but  we  are  disposed  to  think  that  the  evidence 
points  to  a  greater  prevalence  of  low  stages  during  the  last  half 
of  the  century. 


EFFECT   IN    EQUALIZING   THE   DISCHARGE   OF   STREAMS. 

In  the  foregoing  we  have  spoken  of  the  extreme  stages  of  the 
rivers,  and  we  have  called  attention  to  these  because  it  mav  be 
attempted  to  show  from  such  records  the  effect  of  forests.  Our 
experience  is  that  this  cannot  be  done,  but  that  the  real  benefit 
appears  in  the  shorter  periods  of  low  water  and  the  smaller 
number  of  floods.  This  is  an  effect  of  greater  economic  value, 
because  the  extreme  stages  are  not  of  frequent  occurrence. 
Thus  on  the  Passaic  river,  during  seventeen  years,  a  rate  of  24 
cubic  feet  per  second  per  square  mile  was  reacKed  only  once 
and  lasted  only  about  three  hours,  while  the  lowest  rate  of  flow 
of  .19  cubic  feet  per  second  per  square  mile  was  reached  only 
two  or  three  times  for  a  few  days  in  each  case,  whereas  the 
stream  stood  at  stages  between  .4  and  1.34  cubic  feet  per  second 
per  square  mile  an  average  of  112  days  yearly,  and  between  1.34 
and  3.35  cubic  feet  also  an  average  of  112  days  during  each  year. 
It  is  evident,  therefore,  that  what  would  be  really  of  importance 
on  the  Passaic  would  be  a  cause  affecting  these  stages  of  the 
river.  It  is  in  those  stages  which  prevail  during  six  months  of 
an  ordinary  dry  period  that  we  believe  the  benefits  are  most  felt. 
The  soil  and  sub-soil  of  a  catchment  hold  in  storage  a  large 
amount  of  water,  which  is  fed  out  to  the  streams  in  the  form  of 
springs  and  seepage  during  dr\'  periods.  It  is  a  matter  of  com- 
mon observation  that  at  such  times  rivers  continue  to  flow  when 
the  rain-fall  is  very  much  less  than  the  evaporation,  and,  indeed, 
for  manv  davs  when  there  is  no  rain-fall  at  all.  Anvthine 
which  tends  to  increase  this  amoinit  of  water  held  in  the  ground, 
and  to  regulate  its  discharge  to  the  streams,  tends  to  give  a 
larger  dry-sea.son  flow  and  to  shorten  the  periods  of  ver\^  low 
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water,  and  with  this  increased  capacity  of  the  ground  to  absorb 
rain  comes  also  less  frequent  floods.  Humus  in  the  forest  forms 
a  great  sponge  and  of  itself  holds  a  large  amount  of  water,  and, 
together  with  the  inequalities  caused  by  tree-roots,  etc.,  tends  to 
prevent  the  water  flowing  over  the  surface,  while  the  roots  of 
the  trees  provide  ready  channels  for  percolation  into  the  sub- 
soil. Consequently,  forests  will  absorb  a  much  larger  amount 
of  rain  than  either  barren  or  cultivated  country. 

Cultivation  undoubtedly  has  a  tendency  to  increase  the  capacity 
of  the  groimd  to  absorb  water,  because  of  constant  loosening  of 
the  surface  and  the  facilities  provided  for  ready  drainage.  In  this 
way  cultivation,  like  forests,  tends  to  make  floods  less  frequent ; 
but  the  effect  of  under-drainage  is  that  the  ground-water 
absorbed  is  usually  fed  out  more  rapidly  to  the  streams  during 
the  early  months  of  a  dr>'  season  than  is  the  case  with  forests, 
consequently  the  ground-water  is  sooner  exhausted  and  the 
duration  of  the  low  stages  of  the  rivers  is  longer.  Barren  water- 
sheds offer  the  l^ast  capacity  for  the  absorption  of  the  rain-fall. 
There  is  no  humus  or  other  matter  on  the  surface  to  retain  the 
water,  and  the  groimd  becomes  hard  and  resists  free  percolation. 

The  effect  of  cultivation  in  increasing  the  flow  of  springs  has 
been  frequently  remarked  through  the  West,  where  tillage  has 
followed  barren  conditions.  We  have  some  testimony  in  this 
State  to  the  same  effect  where  cultivation  has  succeeded  forests. 
At  a  meeting  of  the  New  Jersey  State  Board  of  Agriculture, 
January-  17th,  1900,  the  following  statement  was  made  by  Mr. 
Emmor  Roberts,  of  Moorestown,  a  member  of  the  Board  of  Man- 
agers of  the  Geological  Survey,  during  a  discussion  of  this  sub- 
ject :  **  In  my  early  boyhood  I  listened  to  old  men  talking  about 
certain  streams  having  been  dr\'  in  years  past.  They  told  me 
that  some  seventy-five  years  ago  they  were  all  dr}'  in  the  sum- 
mer time.  I  thought  about  it,  and  I  thought  it  was  reasonable 
that  it  should  be  so ;  that  the  land  was  in  timber  then,  while  it 
is  all  clear  now.  It  looked  to  me  reasonable  that,  the  lands  now 
being  tilled,  the  rain  that  falls  goes  through  the  soil  to  the 
under-drains  and  into  the  streams,  which  run  abundantly  the 
whole  year  through.  I  interviewed  all  of  the  old  mill-owners 
and  every  one  I  ever  knew  and  approached  on  that  subject 
always  said,  *  My  stream  is  better  now  than  it  was  when  I  was  a 
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boy.'  That  was  the  uniform  answer  I  got  from  every  mill- 
owner  I  approached."  This  seems  to  indicate  that  on  the  level, 
sandy,  or  loamy  lands  of  Southern  New  Jersey  cultivation  may 
increase  the  flow  of  the  springs. 

We  believe  that  the  usual  difference  between  forested  and 
cultivated  water-sheds  is  very  well  illustrated  by  the  Passaic 
and  Raritan  respectively,  while  some  of  our  small  red  sandstone 
water-sheds  are  good  types  of  barren  countr>^  In  the  following 
table  we  have  contrasted  these  three  types,  the  data  being  taken 
from  the  Report  on  Water-Supply  of  1894.  This  table  shows 
in  inches  of  rain-fall  the  amount  of  water  which  would  drain 
out  of  the  ground  to  the  several  streams,  from  their  water-sheds, 
each  month  during  a  drought  of  such  a  character  that  the  rain- 
fall is  just  equal  to  the  evaporation,  so  that  the  effect  of  both 
rain-fall  and  evaporation  upon  the  streams  is  for  the  time  sus- 
pended. 

These  figures  are  the  result  of  a  computation  based  uj>on 
actual  gaugings.  The  gaugings  themselves  show  a  similar 
result,  but  cannot  be  so  accurately  compared  owing  to  variations 
in  the  rain-fall  on  the  different  water-sheds. 


Yield  of  Springs  on  Various  Types  of  Water-Sheds  During 

Drought. 


IN   INCHES   OF   RAIN-FALL. 

Rariun, 

Passaic, 

Type  of  highly 

Type  of  forested 

cultivated 

Type  of  barren 

MONTH. 

water-shed. 

water  shed. 

water  abed. 

First  month,  .    . 

.     .     .                  1. 16 

1-43 

•94 

Second  month,  . 

■     .     .                     .54 

•64 

38  + 

Third  month, 

...                     .40 

45 

.26 

Fourth  month, 

'33 

•35 

.20 

Fifth  month. 

.                        -3^ 

•30 

.14 

Sixth  month,     . 

...                .31 

^1 

.  12 

Seventh  month, 

...                .30 

.25 

.10 

Eightli  month, 

.    .                    .29 

'^3 

.08 

Ninth  month,    . 

•    •    •                .20 

22 

.07 

Total, 


3  93 


4  14 


2.29 


It  will  l)c  observed  that  while  the  Raritan  and  the  Passaic 
show  nearly  the  same  total  amount  of  drainage,  the  Raritan 
e-ives  up  tills  water  faster  iu  the  early  months,  and,  therefore,  its 
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springs  become  sooner  exhausted  and  it  runs  lower  toward  the 
end  of  the  drought.  The  barren  ground,  having  absorbed 
much  less  water,  has  less  flow  from  springs  throughout.  How 
important  this  is  upon  the  dry-season  flow  of  these  streams 
becomes  apparent  from  the  following  table  : 


Computed  Rtin-off^  in  Gallons^  Daily  per  Square  Mile^  During 

the  Last  Eight  Moftths  of  1881, 


Passaic. 

Raritan. 

Barren 

Forested. 

Cultivated. 

Water-bheds 

597,000 

754,000 

631,000 

297,000 

325.000 

145,000 

272,000 

272,000 

139.000 

207,000 

134,000 

22,000 

140,000 

89,000 

22,000 

139,000 

87  000 

23.000 

129.000 

84  oco 

22,000 

127,000 

93,000 

23,000 

April, 

May,  .  

June, 272,000 

July, 

August,         

September,       

October,        

November, 

The  economic  importance  of  this  effect  lies  in  the  greater 
value  of  forested  streams  for  water-power,  and  the  smaller  storage 
reser\'oirs  needed  thereon  to  furnish  a  given  daily  supply  of  water 
to  cities.  Illustrative  of  this,  the  Passaic  will  furnish  for  9  months 
of  the  year,  from  100  square  miles  of  water-shed,  45  horse-power 
on  10  feet  fall,  whereas  the  Raritan  will  furnish  but  41  and  the 
barren  water-shed  28  horse-power.  During  the  other  3  months 
the  Passaic  will  furnish  an  average  of  36,  the  Raritan  32,  and 
the  barren  water-shed  20  horse-power. 

To  collect  570,000  gallons  of  water  daily  on  one  square  mile 
of  water-shed  we  shall  need  storage  reservoirs  of  the  following 
capacity  :  Passaic,  84,000,000 ;  Raritan,  1 10,000,000,  and  barren 
water-sheds,  126,000,000  gallons. 

The  difference  in  cost  of  collecting  a  supply  at  the  above  rate 
per  square  mile,  therefore,  upon  the  type  of  streams  selected  to 
represent  the  forested  and  upon  those  representing  the  barren 
conditions,  would  be  about  $8,400  per  square  mile.  Both  the 
Passaic  and  Raritan  exceed  800  square  miles  in  catchment.  For 
such  an  area  the  saving  would  be  $6,720,000. 

Taking  the  same  size  of  catchment  we  find  the  excess  of 
water-power  on  the  forested  stream  would  be,  for  100  feet  fall, 


i64      GEOLOGICAL  SURVEY  OF  NEW  JERSEY. 

1,360  horse-power,  the  vahie  of  which,  at  a  rental  of  $35  per 
horse-power  per  annum,  would  be  $47,600,  or  the  interest  at  5 
per  cent,  on  $952,000. 

We  do  not  advance  these  figures  as  exact  measures  of  th^ 
value  of  forests,  but  they  may  be  taken  as  indicative  of  the 
possible  financial  loss  which  might  result  in  stream-flow  alone 
from  deforesting  such  of  our  water-sheds  as  are  not  adapted  for 
cultivation. 

It  will  also  be  seen  how  amply  this  effect  of  forests  in  increas- 
ing the  stream-flow  for  five  or  six  months,  during  the  latter  part 
of  a  dry  period,  explains  popular  opinion  as  to  a  falling-off  of 
streams  when  the  forests  are  cut  off".  Such  an  effect  is  ver\' 
much  more  likely  to  impress  itself  upon  the  popular  mind  than 
an  increase  of  evaporation,  which  would  tend  to  decrease  the 
total  run-off*  for  the  year  without  being  very  apparent  to  ordinary^ 
observation.  Being  a  much  more  enduring  effect,  it  would  also 
be  more  noticeable  than  any  change  in  the  greatest  or  least  rate 
of  discharge. 

We  may  illustrate  the  effect  of  the  great  absorptive  capacity 
of  forests  in  diminishing  floods  by  comparing  the  run-off"  of  the 
forested  Passaic  and  deforested  Raritan  during  the  dry  period  in 
1892,  during  which  period  both  streams  were  being  measured. 
This  nm-off",  together  with  the  rain-fall  month  by  month,  is 
shown  in  the  following  table  : 

• 

, Passaic. ■  t Raritan. 

1893.  Kain.        Run  oif.  Ram.         Run  off. 

June 468        1.20  4.06         160 

July.         Z-^-j  .52  4. II  57 

August, 4.39  .53  361  .47 

September,     ...              2. 17  .40  275  .31 

October, 72  .25  .32  .24 

November,             6  ^4  i  38  6  99  2  18 

It  will  be  seen  the  rain-fall  conditions  were  very  similar ; 
during  the  dry  months,  from  July  to  October,  inclusive,  the  run- 
off" on  the  Passaic  was  1.70  inches,  and  on  the  Raritan  1.59 
inches.  While  the  run-off*  before  August  was  greater  on  the 
Raritan,  during  the  following  three  months  it  declined  to  a  con- 
siderably lower  point.  During  November  rains  were  abundant 
on  both  catchments,  and  of  these  rains  1.38  inches  ran  off"  on 
the  Passaic,  and  2.18  inches,  or  nearly  60  per  cent,  more,  on  the 
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Raritan.  The  same  effect  is  noticed  on  several  other  streams, 
and  while  it  is  not  always  easy  to  determine  whether  it  is  due 
to  the  forests  or  to  differences  of  soil  and  sub-soil,  it  appears  to  be 
true  that  the  forested  catchments  generally  show  about  the  rela- 
tive superiority  in  absorptive  power  over  those  largely  deforested 
that  is  shown  by  the  Passaic  over  the  Raritan.  Again,  during 
the  four  years  from  1890  to  1893,  inclusive,  there  were  on  the 
Raritan  thirteen  floods  exceeding  8,000  cubic  feet  per  second, 
one  of  which  reached  23,746  cubic  feet  per  second,  while  on  the 
Passaic  during  the  same  time  there  were  but  five  such  floods, 
and  the  highest  reached  only  11,701  cubic  feet  per  second,  while 
the  rain-fall  on  the  two  streams  shows  no  corresponding  differ- 
ence. 

On  the  Delaware  the  more  frequent  occurrence  of  floods 
since  1835  has  been  pointed  out  in  a  report  by  Professor  Mans- 
field Merriman,  printed  in  Appendix  U — XIX  of  the  Annual 
Report  of  the  Chief  Engineer,  U.  S.  Army,  for  1873.  (See,  also. 
Report  on  Water-Supply,  1894.) 

EFFECT   ON   THE   PURITY   OF   THE   WATER. 

It  is  not  easv  to  prove  bv  analvsis  or  statistics  any  effect  of 
forests  upon  the  quality  of  the  water  in  the  streams.  It  must 
be  borne  in  mind  that  extensive  forests  are  always  attended  by 
a  scanty  population,  and  for  this  reason  the  waters  are  usually 
superior  in  quality,  but  it  is  a  matter  of  common  obser\'ation 
that  the  amoimt  of  sediment  carried  is  much  less  upon  a  forested 
stream  than  when  the  catchment  is  imder  cultivation.  The 
difference  in  this  respect  on  our  red  sandstone  streams  is 
especially  noticeable.  On  the  cultivated  portions  the  amount 
of  mud  carried  in  suspension  is  ver\'  large,  but  where  the  catch- 
ment is  well  protected  with  forests  it  is  much  less. 

The  same  fact  may  be  observed  if  we  compare  the  well- 
forested  Highlands  streams,  such  as  the  Pequannock,  Rockaway 
and  Ramapo,  with  those  in  the  more  cultivated  portions  of  the 
Highlands,  such  as  the  Musconetcong  and  the  head-waters  of 
the  Raritan.  From  observation,  we  are  disposed  to  think  that 
water  of  the  best  quality  is  obtained  when  the  slopes  and  the 
higher  lands  of  the  catchment  are  covered  with  forests,  while 
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from  20  to  30  per  cent,  of  the  area  in  the  valleys  and  along  the 
stream  channels  is  cleared  of  trees  and  in  grass.  The  vegetable 
matter  in  the  water  will  be  less  for  such  conditions  than  when 
the  entire  catchment  is  covered  with  forest.  Such  are  about 
the  conditions  which  obtain  on  the  Northeastern  Highlands 
streams  already  referred  to. 

For  hygienic  reasons,  therefore,  as  well  as  in  order  to  preserve 
a  steady  and  uniform  discharge,  it  becomes  very  important  that 
the  forest  cover  shall  be  protected  and  preserved  upon  the  catch- 
ments which  are  to  become  gathering-grounds  for  the  cities  of 
the  State. 


r 


» 


Forests  and  Qimate^ 


The  influence  of  forests  upon  climate  has  been  extensiv^ely 
discussed,  but  it  cannot  be  said  that  definite  conclusions  have 
been  reached.  It  appears  to  be  true  that  aridity  has  resulted  in 
some  cases  from  cutting  .off  the  forests,  but  that  this  is  not  a 
necessary  result  appears  to  be  proven  from  experience  in  Eng- 
land and  Spain.  The  former  has  only  about  3  per  cent,  of  its 
area  in  forests,  yet  it  continues  to  be  proverbially  fertile,  and  a 
land  of  abundant  moisture  and  luxuriant  vegetation.  Spain 
also  retains  its  moisture  and  fertility  in  spite  of  deforestation. 

Perhaps  it  is  safe  to  conclude  that  where  other  strong  influ- 
encing conditions  are  absent,  the  effect  of  forests  may  be  appreci- 
able. Thus  it  has  been  pointed  out  that  the  lower  temperature, 
which  sometimes  prevails  over  a  forest,  may  cause  greater  con- 
densation and  consequently  increased  precipitation.  It  seems, 
however,  that  this  difference  of  temperature  does  not  usually 
exceed  two  or  three  degrees,  and  consequently  would  be 
equaled  in  effect  by  a  ridge  about  600  feet  in  height,  so  that 
where  the  topographic  relief  is  bold  enough  its  influence  may 
entirely  subordinate  any  effect  of  forests  upon  the  rain-fall  or 
temperature.  In  like  manner  the  influence  of  the  sea  upon 
temperature  and  rain-fall  may  be  so  controlling  that  the  effect 
of  forests  becomes  of  little  account.  This  is  true  in  England, 
and  it  appears  to  be  also  the  case  in  this  State. 

It  may  be  accepted  ^  a  fact  that  the  temperature  immediately 
over  a  forest  is  sometimes  a  few  degrees  cooler  than  over  the  open 
country.  It  is  no  doubt  true  that  the  temperature  beneath  the 
trees  is  materially  less  and  the  humidity  somewhat  greater. 

To  determine  what  the  effect  of  forests  may  be  in  our  own 
State,  we  have  compiled  the  accompanying  charts  of  rain-fall 
and  temperature  from  the  records  of  New  Jersey  State  Weather 
Ser\ace,  and  from  all  other  data  accessible.  In  making  up  these 
charts  all  short-period  stations  have  had  their  record  referred  to, 
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and  compared  with  those  of  long  periods  in  such  a  way  that  the 
differences  due  to  comparison  of  periods  not  contemporaneous  are 
eliminated  as  far  as  possible. 

Plate  XI  shows  the  mean  temperature  for  the  year,  and  the 
mean  annual  rain-fall.  This  may  be  compared  with  Plate  III, 
showing  the  distribution  of  forests.  At  first  sight  it  appears  as 
if  the  regions  of  heavy  rain-fall  coincide  with  those  of  abundant 
forests,  while  the  deforested  areas  along  the  Delaware  and  in  the 
Raritan  valley  show  a  light  rain-fall ;  but  on  closer  examination 
we  find  that  the  rain-fall  in  the  pine  forests  varies  from  about  52 
inches  at  Toms  River  to  less  than  40  inches  at  Cape  May,  with- 
out any  corresponding  change  in  forest  conditions.  The  varia- 
tion in  the  cleared  belt  of  the  Cretaceous  fonnation  along  the 
Delaware  is  nearly  as  much,  or  from  about  42  inches  at  Salem 
to  over  50  inches  in  Monmouth  county.  In  the  same  way  the 
rain-fall  of  the  Kittatinny  valley  ranges  from  40  inches  to  over 
48  inches,  the  whole  being  deforested  to  about  the  same  extent, 
while  the  Passaic  valley,  having  over  40  per  cent,  of  forest, 
appears  to  have  as  small  a  rain-fall  as  the  Raritan  valley,  where 
there  is  less  than  5  per  cent,  of  forests.  A  careful  study  of  the 
annual  rain-fall  indicates  that  topographic  relief  has  an  effect 
entirely  superior  to  that  of  the  forests,  and  we  are  forced  to  the 
conclusion  that  it  is  impossible  to  trace  any  effect  either  upon 
rain-fall  or  temperature  due  to  the  distribution  of  the  forests. 

The  temperature  seems  to  be  influenced  largely  by  the  sea, 
and  to  a  still  more  marked  extent  by  the  elevation ;  and  study- 
ing the  rain-fall  and  temperature  together  it  appears  that  the 
stonns  which  usually  occur  with  easterly  winds  show  a  more 
abundant  precipitation  as  such  winds  approach  or  cross  high 
ground,  and  a- lighter  precipitation  in  the  valleys  west. 

Plate  XII  shows  the  summer  temperature,  and  the  mean  rain- 
fall from  April  to  September  inclusive,  these  being  the  growing 
months  for  forests.  This  plate  is  made  up  with  a  view  to  ascer- 
taining the  influence  of  forests  when  they  are  in  leaf.  Here, 
also,  it  is  impossible  to  detect  any  difference  in  the  distribution 
of  rain-fall  which  may  l)e  fairly  attributed  to  forests.  In  general 
the  same  peculiarities  which  we  have  pointed  out  in  the  annual 
rain-fall  are  present  here.  There  is  the  same  wide  variation  in 
rain-fall  in  belts  of  country  having  uniform  forest  conditions- 
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The  light  rain-fall  of  the  Raritan  valley  is  somewhat  accentuated, 
but  in  the  Highlands  it  appears  that  the  deforested  portions 
have  as  much  rain-fall  as  those  more  heavily  forested.  The 
influence  of  the  sea  upon  the  temperature  in  summer  is  marked, 
while  the  variations  due  to  elevation,  in  the  northern  part  of  the 
State,  are  much  the  same  as  shown  in  Plate  XI  for  the  year. 

Plate  XIII  exhibits  the  winter  temperature  and  the  rain-fall 
from  October  to  March,  inclusive.  In  this  case  the  rain-fall  pre- 
sents a  distribution  a  little  different  from  that  of  the  growing 
months,  but,  comparing  the  two  periods,  there  is  nothing  to  war- 
rant the  inference  that  it  is  in  anywise  effected  by  forests. 

The  result  of  these  studies  must  be  regarded  as  demonstrating 
that  the  records  of  rainfall  and  temperature  fail  to  show  any  dif- 
ference in  climate  between  forested  and  deforested  portions  of  the 
State  which  may  with  confidence  be  ascribed  to  the  influence  of 
the  forests. 

We  have  also  analyzed  the  longer  rain-fall  records  of  the  State, 
and  of  New  York  and  Philadelphia,  to  see  if  there  has  been  any 
change  in  the  rain-fall  which  may  be  due  to  change  in  the 
forests.  Plate  XIV  is  a  series  of  diagrams  showing  the  rain-fall 
at  New  York,  Newark,  New  Brunswick,  Trenton  and  Philadel- 
phia. The  Trenton  record  is  combined  with  one  at  Morrisville, 
Pennsylvania,  just  across  the  Delaware.  The  Philadelphia  record 
goes  back  to  1825,  ^"^  ^^  ^^^^  ^he  Morrisville-Trenton  record, 
although  the  latter  is  missing  for  certain  years.  The  New  York 
record  begins  with  1836,  that  of  Newark  with  1843,  ^^^^  that  .of 
New  Brunswick  with  1854.  New  York  is  so  much  within  the 
influence  of  the  ocean  that  it  can  scarcely  be  expected  to  show  any 
effect  due  to  forests,  but  this  fact  makes  the  record  valuable  for 
comparison  with  the  stations  more  inland.  The  diagrams  show 
that  from  1836  to  about  1868  the  rain-fall  at  New  York  was 
steadily  increasing,  but  at  the  latter  date  it  suddenly  fell  off  and 
remained  below  the  average  until  1883,  since  which  year  it  has 
been  fluctuating.  The  Newark  record  is  very  similar  to  that  of 
New  York,  while  the  New  Brunswick,  Trenton  and  Philadelphia 
records  vary  in  certain  particulars  from  the  other  two,  princi- 
pally in  showing  larger  rain-fall  from  1868  to  1873.  ^^  will  be 
seen  that,  as  a  rule,  rain-fall  was  increasing  at  Newark  and  New 
York,  while  deforestation  was  progressing  in  the  northern  part 
of  the  State.     We  have  stated  that  this  deforestation  was  at  a 
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maximum  from  1850  to  i860,  and  while  the  rain-fall  at  Newark 
and  New  Brunswick  may  have  been  somewhat  below  the  aver- 
age during  those  years,  it  certainly  was  not  less  in  either  the 
New  York,  Philadelphia  or  Morrisville  records  than  it  was 
earlier,  and  it  was  more  in  the  Philadelphia  record  than  it  was 
from  1825  ^^  1835*  O^  ^^^  other  hand  the  period  of  droughts 
extending  from  1869  to  1883  at  New  York  and  Newark, 
and  from  1874  to  1885  at  New  Brunswick,  Trenton  and  Phila- 
delphia, occurred  after  the  forests  had  begun  to  grow  again,  and 
had  improved  materially  in  the  northern  part  of  the  State.  But 
taking  a  rather  wide  radius  around  Philadelphia  there  has  been, 
on  the  whole,  progressive  deforestation  at  a  slow  rate  up  to  the 
present  time ;  that  is,  the  forest  area  has  decreased.  The  Phila- 
delphia record  for  the  entire  period  of  seventy-five  years  shows 
no  corresponding  diminution  in  the  amount  of  rain-fall. 

Indeed,  it  has  been  pointed  out  in  Bulletin  D,  of  the  U.  S. 
Weather  Bureau,  that  there  has  been  a  general  tendency  to  in- 
creased rain-fall  in  New  England  from  1834  up  to  the  present  time. 
We  have  examined  the  long  record  at  Troy,  New  York,  and 
this  shows  the  same  characteristics  that  we  have  pointed  out  in 
the  diagrams  of  New  York  and  Philadelphia  rain-fall,  namely, 
a  progressive  increase  of  rain-fall  from  about  1839  to  about  1870, 
with  wide  fluctuations  since  the  latter  date. 

The  following  table  shows  the  result  of  grouping  and  aver- 
aging the  rain-fall  of  New  York,  Newark,  New  Brunswick, 
Trenton-Morrisville  and  Philadelphia,  by  five-year  periods  : 

Average  Annual 
Years.  Rain>fiftll. 

1825-1829 37.52 

183O-1834 41.32 

1835-1839, 42.50 

1840-1844 44  33 

I845-I849, 42.78 

I850-I854, 46.00 

I855-I859, 44.53 

I860-I864,  ....     45.81 

I865-I869 .  .       49.16 

I870-I874 4805 

IS75-I879 43.63 

I880-I884 42  04- 

1885-1889 49.50 

1890-1894, 45-75 

1895-1899 46.16 
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This  table  is  believed  to  show  quite  accurately  the  changes  of 
rain-fall  in  New  Jersey,  taken  as  a  whole,  during  the  last  seventy- 
five  years,  and  the  tendency  to  progressive  increase  from  1825  ^^ 
1869,  with  only  minor  fluctuations,  is  apparent.  It  is  also  evi- 
dent that  the  rain-fall  is  greater  during  the  last  half  of  this 
period.  Thus,  during  the  quarter  century  from  1825  ^^  1849, 
the  average  is  41.69  inches,  while  for  the  next  twenty-five  years, 
to  1874,  it  is  46.71  inches,  and  for  the  last  quarter  century  it  is 
45.42  inches.  The  showing  of  these  records  is  clearly  against 
the  hypothesis  that  deforestation  is  accompanied  by  a  decrease 
of  rain-fall,  because  there  was  correspondingly  greater  deforesta- 
tion during  the  quarter  centur>^  from  1850  to  1874  than  during 
the  previous  quarter  century,  while  the  rain-fall  was  more  than 
five  inches  greater.  In  the  same  way,  taking  the  State  as  a 
whole,  there  was  certainly  as  much  forest  during  the  last  quarter 
centur>',  from  1875  to  1899,  as  during  the  previous  one,  although 
the  average  rain-fall  is  1.3  inches  less.  The  other  rain-fall 
records  of  the  State  are  too  short  to  enable  us  to  draw  safe  con- 
clusions. 

Turning  to  the  temperature  records,  we  find  that  the  Phila- 
delphia record  goes  back  to  1790,  and  from  this  date  up  to  1820 
the  temperature  is  below  the  average,  while  it  ranges  somewhat 
above  from  1820  to  1830.  There  is  another  low  period  from  1830  to 
1840,  after  which  time  it  continues  generally  above  the  average 
imtil  1884,  reaching  another  miniminn  in  1885.  During  the 
whole  period  there  is  undoubtedly  an  upward  tendency  in  the 
temperature  of  Philadelphia,  but  it  is  difiicult  to  draw  safe  con- 
clusions from  a  comparison  of  the  early  and  later  records,  owing 
to  a  difference  in  instruments  and  methods.  We  do  not  find 
in  the  records  of  temperature  anything  from  which  safe  con- 
clusions may  be  drawn  as  to  the  effect  of  deforestation  in 
the  State.  Unquestionably  the  temperature  of  Southern  New 
Jersey  is  affected  much  more  by  the  sea  than  by  the  pine  forests, 
but  our  personal  experience  is  to  the  effect  that  the  mild  and 
salubrious  winter  climate  of  this  region  is  to  a  great  extent  due 
to  the  presence  of  the  pine  forests  and  the  sandy  soil,  which 
together  produce  an  unusually  dry  atmosphere  for  a  climate 
which  is  so  much  influenced  bv  the  sea.  We  believe  that  the 
entire  destruction  of  these  pine  forests  would  result  in  a  much 
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less  favorable  winter  climate,  and  would  produce  a  desert  of 
drifting  sand,  which  would  be  shunned  by  all.  There  is  no 
difficulty  in  noting  present  differences  of  climate  in  winter 
between  the  cleared  and  forested  portions  of  Southern  New 
Jersey,  and  probably  these  differences  are  of  a  nature  which  affects 
bodily  comfort  more  than  the  records  of  the  thermometer,  as 
they  are  largely  due  to  the  wind  and  moisture  in  the  air.  We 
cannot  doubt  that  if  this  sandy  soil  should  be  deprived  of  forest 
cover  it  would  quickly  lose  all  vegetable  matter,  and  would 
become  extremely  hot  in  summer.  We  refer  especially  to 
those  portions  which  consist  of  silicious  sands  and  are  unadapted 
for  cultivation. 

The  point  may  be  raised  that  while  the  figures  of  annual 
and  average  rain-fall  show  nothing  as  to  the  effect  of  forests, 
there  may  be  a  difference  of  distribution,  so  that  the  fluc- 
tuations may  be  greater  and  the  droughts  more  severe  in  a 
forested  countrv.  Of  this  we  can  find  no  evidence  in  the  Ne-w 
Jersey  weather  records.  A  careful  study  of  these  records  indi- 
cates that  all  parts  of  the  State,  whether  forested  or  deforested, 
are  about  equally  subject  to  periods  of  drought,  and  that  the 
severity  of  the  droughts,  as  measured  by  the  rain-fall  during  the 
dry  period,  varies  with  the  average  rain-fall,  or,  in  other  words, 
those  parts  of  the  State  which  are  shown  on  our  charts  to  have 
a  large  average  rain-fall  have  a  correspondingly  larger  dr\-- 
period  rain-fall.  The  severity  of  the  drought  as  measured  by 
its  effect  on  vegetation,  however,  is  greater  in  those  portions  of 
the  State  where  temperature  and,  consequently,  evaporation  are 
greater.  Thus  the  Highlands  and  Kittatinny  valley  do  not 
suffer  so  severely  from  drought  as  the  more  southern  portions  of 
the  State,  principally  because  evaporation  is  less. 

Unquestionably,  forests  have  a  marked  effect  in  retarding  the 
melting  of  snow  in  the  spring,  and  on  this  accoimt  it  is  possible 
that  owing  to  their  presence  the  spring  will  be  somewhat  later 
and  cooler  in  a  forested  country  than  in  the  open. 
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(175) 


The  Relation  Between  Forestry  and  Geology 

in  New  Jersey* 


CONTENTS- 

L  Existing  Conditions. 

Object  and  Scope  of  this  Report. 
Method  of  Investigation  Pursued. 
Facts  Ascertained. 
Discussion  of  the  Facts. 

IL  Historical  Development* 

Preliminary  Discussion. 
Mesozoic  Time. 

Triassic  Period. 

Jurassic  Period. 

Cretaceous  Period. 
Neozoic  Time. 

Tertiary  Period. 

Quaternary  Period. 
Concluding  remarks. 


L  Existing  Conditions. 

OBJECT   AND   SCOPE   OF   THIS    REPORT. 

The  problems  of  plant  distribution,  or,  in  other  words,  the 
reasons  why  certain  classes,  families,  genera  or  species  of  plants 
occupy  certain  regions,  have  long  received  attention  from  those 
who  have  observed  the  facts.  If  the  earth  as  a  whole  be  viewed 
in  connection  with  the  entire  vegetable  kingdom,  it  is  at  once 
apparent  that  the  most  obvious  factor  in  limiting  distribution  is 
climate,  and  that  isothennal  lines  are  closely  identified  with 
lines  of  plant  limitation.  If  smaller  geographic  areas  and 
smaller  aggregations  of  plants  be  studied,  however,  it  will  at 
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once  be  seen  that  climatic  conditions  alone  are  not  sufficient  to 
account  for  all  the  facts  of  distribution  and  limitation  which 
may  be  observed,  and  that  local  physiographic  and  meteorologic 
influences  must  be  considered,  such  as  altitude,  minor  surface 
inequalities  and  configurations,  presence  and  absence  of  moisture 
in  the  atmosphere,  presence  of  or  proximity  to  water,  &c. 
Finally,  if  the  investigations  be  carried  yet  further,  it  will  be 
appreciated  that  soil  characteristics,  both  mechanical  and  chem- 
ical, also  play  an  important  part  in  the  matter.  This  source  of 
influence  may  be  termed  the  geologic  factor,  for  the  reason  that 
the  character  of  the  soil  in  any  locality  is  directly  dependent 
upon  the  character  of  the  geologic  formation  from  which  it  is 
derived,  and  it  is  with  this  factor  that  this  report  is  especially 
concerned. 

It  is  unfortunate  that  by  far  the  greater  number  of  areal 
investigations  which  have  been  undertaken  have  necessarily 
been  restricted  by  artificial  boundaries,  generally  political,  such 
as  state  or  county  lines,  instead  of  having  been  extended  to 
their  natural  limits,  either  physiographic  or  geologic,  and  manv 
interesting  problems  for  this  reason  have  been  only  indicated  or 
partially  solved.  The  investigations  upon  which  this  report  is 
based  fall  within  the  same  category-,  and  there  is  no  doubt  that 
if  these  could  be  carried  out  beyond  the  state  lines,  whatever 
value  they  may  have  would  be  enhanced  in  proportion  to  the 
distance  or  area  covered. 

In  the  state  of  New  Jersey,  for  example,  two  broad,  contrast- 
ing regions  of  forest  conditions  have  long  been  recognized,  viz.^ 


NoTB.— In  order  that  the  meaning  of  certain  terms  may  be  clearly  understood,  the  following  defini> 
tions  are  appended : 

Distribution  may  be  defined  as  geographic  range.  Thus,  **  Middlesex  and  Mercer  coaaties,  soath* 
ward  to  Cape  May,"  would  represent  a  geographic  range  or  area  of  distribution.  A  species  may  haw  a 
wide  dbtribution  and  yet  be  rare,  for  the  reason  that  it  may  only  be  able  to  exist  under  conditions  whicK 
obtain  in  but  tew  localities  within  the  area  of  distribution. 

Locality  or  Station  defines  some  particular  place.  Thus,  "  Middlesex  county,  near  Perth  Amboy,"^ 
would  represent  a  locality  or  station. 

Hahitat  means  character  of  surroundings.  Thus,  '*  rocky  hillsides,"  "  salt  nuurshes,"  "  dry,  sandy 
soil,"  &c  ,  would  be  habitats. 

A  typical  species  of  any  region  or  area  is  one  which  is  either  confined  to  such  region  or  area,  or 
which  only  extends  beyond  it  in  limited  numbers  or  under  specially  favorable  circumstances. 

A  characteristic  species  ol  any  region  or  area  is  one  which  is  so  abundant  as  to  be  a  promineat 
feature  over  such  region  or  area,  although  not  necessarily  confined  to  it. 
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the  Deciduous  and  the  Coniferous;  and  the  contrast  between 
the  two  is  so  obvious  as  to  attract  the  attention  of  ever>'  observer.* 
Doubtless  to  many  the  fact  that  the  former  is  roughly  confined 
to  the  hilly  northern  part  of  the  state  and  the  latter  to  the 
plain  region  further  south,  might  seem  sufficient  to  account  for 
the  limitation  of  the  two  classes  of  vegetation  simply  on  climatic 
and  physiographic  conditions.  If,  however,  the  line  of  demarka- 
tion  between  them  be  followed  across  the  state,  or  better  yet,  if 
it  be  followed  beyond  the  confines  of  the  state,  it  may  be  seen 
that  it  does  not  coincide  with  any  parallel  or  latitude  or  any 
isothennal  line,  but  crosses  these  in  a  northeast  and  southwest 
direction,  and  is  more  or  less  independent  of  surface  irregu- 
larities. 

If,  now,  a  geologic  map  of  the  state  be  examined,  the  line  of 
demarkation  may  be  seen  to  parallel  ver\'  closely  the  general 
trend  of  the  outcrops  of  the  geologic  formations,  and  the  inference 
becomes  irresistible  that  these  must  be  taken  into  account  in 
any  investigations  which  concern  the  problem  of  forest  distribu- 
tion in  the  state.  Investigations  were  therefore  made  from  that 
point  of  view,  and  as  they  proceeded  the  fact  became  more  and 
more  apparent  that  not  only  were  the  two  classes  of  vegetation 
strongly  identified  with  certain  geologic  formations,  but  also 
that  the  distribution  of  several  species  in  each  of  the  classes  were 
similarly  limited. 

This  line  of  investigation  is  capable  of  extension  so  as  to 
include  a  far  larger  number  of  species  than  were  actually 
brought  under  observation,  and  there  is  no  doubt  that  if  the 
entire  flora  of  the  state  could  be  mapped,  from  the  same  stand- 
point, an  exceedingly  interesting  contribution  would  result.  If, 
further  than  this,  the  investigation  could  be  made  to  cover  the 
entire  geographical  area  comprised  within  the  areas  of  distribu- 
tion, the  interest  and  possible  value  of  the  work  would  be  cor- 
respondingly increased.  Such  an  investigation  would,  however, 
imply  many  years  of  careful  study  in  the  field,  and  all  that  can 
be  attempted  in  this  report  is  to  outline  the  known  facts  of  dis- 
tribution in  regard  to  certain  species  of  trees  in  the  state  and  to 
draw  from  those  facts  such  conclusions  in  regard  to  the  probable 
causes  as  may  seem  to  be  warranted. 


•  For  a  brief  diacosston  of  the  subject  tee  Dr.  N.  L.  Britton's  "  CaUloguc  of  PlanU  Found  in  New 
Jersey/'  introdnctory  chapter.  Final  Report  Sute  Geologist,  Vol.  II,  1889. 
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METHOD    OF    INVESTIGATION    PURSUED. 

The  general  facts  as  previously  indicated  having  been  recog- 
nized, steps  were  taken  towards  a  detailed  investigation  by 
traversing  the  state  in  a  series  of  routes  more  or  less  at  right 
angles  to  the  trend  of  the  geologic  formations,  thus  crossing  the 
outcrops  in  succession  and  noting  whatever  changes  in  vegeta- 
tion were  apparent  from  place  to  place.  Several  critical  locali- 
ties were  also  made  the  subjects  of  special  investigation.  Fol- 
lowing are  the  routes  traveled  and  special  localities  visited : 

1.  Jersey  City  to  Deckertown.  Triassic,  Archaean,  Ordovician, 
and  Silurian  formations,  including  the  region  covered  more  or 
less  with  glacial  drift. 

2.  Jersey  City  to  Easton,  Pa.  Same  formations  as  in  No.  i, 
but  south  of  the  Terminal  Moraine. 

3.  Jersey  City  to  Stroudsburg,  Pa.  Same  formations  as  in 
No.  I,  with  Devonian  additional. 

4.  Jersey  City  to  Allamuchy,  via  Sparta  and  Waterloo.  Same 
formations  as  in  No.  i,  but  further  south. 

5.  Monmouth  Junction,  beginning  at  Ten-Mile  Run,  via 
Jamesburg  and  Freehold  to  Farmingdale.  Triassic,  Cretaceous 
and  Tertiary-  formations. 

6.  Lakewood  to  South  Amboy,  via  Farmingdale,  Eatontown, 
Red  Bank  and  Matawan.     Tertiary  and  Cretaceous  formations. 

7.  Point  Pleasant  to  Burlington,  via  Lakewood,  New  Eg\'pt 
and  Mount  Holly.  Tertiary  and  Cretaceous  formations ;  com- 
plete section  through  the  state. 

8.  Bound  Brook  to  Perth  Amboy,  via  New  Brunswick.  Tri- 
a.ssic  and  Cretaceous  formations. 

9.  Metuchen  to  Perth  Amboy.  Tria.ssic  and  Cretaceous  for- 
mations, Terminal  Moraine  and  extra-morainic  drift. 

10.  Camden  to  Cape  May.  Cretaceous,  Tertiary  and  Post- 
Tertiary  formations.  A  special  object  in  visiting  the  latter 
locality  was  to  investigate  the  report  that  Pi  fins  Tcrda  L.  (old- 
field  Pine)  had  been  found  there.  The  result  was  that  its  opcur- 
rence  there  was  verified  and  a  new  species  was  added  to  the 
flora  of  the  state.  A  full  account  of  this  discovery  was  pul> 
lislicd  in   Tin    Planf  JJ'orld,  \o\.  I,  Xo.  2  (Nov.,   1S97),  which 
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was  subsequently  republished  in  The  Forester^  Vol.  Ill,  No.  12 
(Dec,  1897). 

11.  Matawan  to  Old  Bridge,  via  Robertsville  and  Texas. 
Cretaceous  clay  mari  and  clay.  Distribution  of  Pinus  echinata 
Mill  (Yellow  Pine),  and  P,  Virginiana  Mill  (Scrub  Pine). 

12.  Freehold  to  Red  Bank,  via  Scobeyville.  Cretaceous  and 
Tertiary  marls.     Occurrence  of  Plains  Strobtis  L.  (White  Pine). 

13.  Morristown  and  vicinity.  Triassic  trap  and  sandstone, 
Archaean  and  Terminal  Moraine. 

14.  Trenton  and  vicinity.     Glacial  and  recent  river  gravels. 

15.  Holly  Beach  and  Anglesea.    Sand  dunes  and  salt  marshes. 

16.  Asburv'  Park  and  vicinitv.  Buried  forests  in  recent  sea- 
beach  deposits. 

17.  Belvidere  and  vicinity.  Terminal  Moraine  and  extra- 
morainic  drift. 

18.  Delaware  Water  Gap  to  Bushkill.  Influence  of  the  Dela- 
ware river  in  modifying  or  extending  the  range  of  certain 
species. 

19.  Newark  and  vicinity.  Salt  marshes,  with  special  refer- 
ence to  the  occurrence  of  Taxodium  disticlncm  (L.),  L.  C.  Rich 
(Bald  Cypress).  This  is  apparently  the  only  locality  in  the 
state  where  this  tree  is  known  to  be  in  existence  independent 
of  cultivation.  The  trees  are  few  in  number  and  are  accom- 
panied by  several  specimens  of  Chamcecyparis  thyoides  (L.),  B. 
S.  P.  (White  Cedar).  I  was,  however,  unable  to  determine 
whether  thev  were  native  there  or  had  been  introduced.  The 
trees  appear  to  be  about  twenty  or  thirty  years  old  and  are  grow- 
ing in  salt  marsh — a  habitat  such  as  they  naturally  occupy  fur- 
ther south.  Several  reports  have  been  made  of  old  cypress 
stumps  having  been  found  in  swamps  in  other  parts  of  the  State, 
but  in  no  instance  have  I  been  able  to  verifv  them. 

20.  Bridgeton.  Tertiary  (Miocene?)  sandstone  containing 
fossil  leaves.  The  occurrence  of  this  fossil  flora  mav  be  found 
discussed  in  the  chapter  on  the  historical  development  of  the 
flora  of  the  state. 

FACTS   ASCERTAINED. 

If  an  irregular  line  be  drawn,  extending  from  a  little  east  of 
Metuchen  to  Trenton,  and  a  similar  one  from  Long  Branch  to 
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Salem,  the  typical  deciduous  regiou  or  zone  will  be  found  to  lie 
north  of  the  former  and  the  typical  coniferous  zone  south  of  the 
latter,  while  between  the  two  is  an  area  about  sixteen  miles 
wide  which  may  be  termed  the  *^  tension  zone/'  because  it  is 
there  that  the  two  floras  meet  and  overlap,  producing  a  constant 
state  of  strain  or  tension  in  the  struggle  for  advantage.  * 


?iaAM 


Fi^^ure  1.    Map  showing  Forest  Zones 

Within  the  limits  of  either  the  deciduous  or  the  coniferous 
zone  the  conditions  are  more  or  less  uniform ;  the  typical  or 
characteristic  species  of  each  have  become  firmly  established  in 
the  environment  most  favorable  for  them,  or  unfavorable  for 
others,  and  the  struggle  for  advantage  is  largely  between  indi- 
viduals of  the  same  species.  In  the  tension  zone,  however,  the 
struggle  is  not  only  between  individuals  of  the  same  species,  but 
also  between  different  species.     The  elements  in  the  deciduous 

*  An  excellent  general  disctission  of  floral  tensions  may  be  found  in  Mr.  Conway  MacMilian's 
"  Metaspermsc  of  the  Minnesota  Valley/'  pp.  594-600.  Rcpts.  Geol.  and  Nat.  Hist.  Surv.  Minn., 
Botanical  Series,  Vol.  I.     1892. 
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flora  are  always  ready  to  seize  upon  any  advantage  which  will 
give  them  a  foothold  further  south,  while  the  elements  in  the 
coniferous  flora  are  always  ready  for  an  advance  in  the  opposite 
direction.  The  former  may,  therefore,  be  considered  as  a  south- 
ward-moving and  the  latter  as  a  northward-moving  flora. 

In  consequence  of  these  conditions  the  vegetation  in  the  ten- 
sion zone  is  in  a  state  of  unstable  equilibrium,  in  which  the 
strain  is  constant,  and  any  change  in  or  interference  with  the 
conditions  releases  the  strain  and  causes  a  disturbance  of  the 
relations  between  the  floras  until  new  conditions  have  become 
established.  Each  such  disturbance  is  marked,  to  a  greater  or 
less  extent,  by  changes  of  species,  and  lines  or  areas  of  limitation 
and  distribution  thus  var>'  from  time  to  time. 

The  influence  of  civilization  has  been  the  most  marked  factor 
in  this  connection  in  recent  times.  Fire  and  cultivation  have 
caused,  directly  and  indirectly,  great  changes  in  the  inter- 
relations of  species.  In  places  certain  species  have  been 
removed  for  economic  purposes  and  others  allowed  to  remain, 
which,  of  course,  gives  a  direct  advantage  to  the  latter  in  any 
subsequent  struggle  for  place.  In  other  localities  all  species 
have  been  removed  and  such  a  change  made  in  the  environment 
that  foreign  species,  better  able  to  adapt  themselves  to  the  new 
conditions,  become  established  there. 

One  corollar>'  to  the  above  proposition  is  that  changes 
wrought  within  the  limits  of  the  deciduous  or  coniferous  zones 
would  not  nonnally  lead  to  such  extensive  subsequent  changes 
in  species  as  would  be  the  case  under  similar  circumstances 
within  the  limits  of  the  tension  zone. 

In  the  deciduous  zone,  for  example,  where  clearings  have 
been  made,  these  are  often  occupied  at  once  by  pines  and  cedars, 
which  have  been  awaiting  the  opportunity  to  establish  them- 
selves where  they  will  be  free  from  competition.  The  soil 
favors  their  growth,  but  they  are  almost  always  crowded  out 
subsequently  when  the  angiospenns  regain  their  foothold,  and 
the  ultimate  result  is  practically  a  return  to  the  old  conditions, 
due  to  the  higher  and  more  aggressive  type  of  life  represented  by 
the  latter. 

In  the  coniferous  zone  also  the  same  species  would  be  likely 
to  re-appear  after  a  tract  has  been  cleared,  for  the  reason  that  the 
soil  conditions  are  usually  barren  and  unfavorable  for  the  angio- 
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sperms,    which  type  of  plants   would  only   be  represented    in 
consequence  by  stunted  weaklings. 

In  each  of  these  cases  the  original  species  would  also  have 
the  direct  advantage  that  their  own  relatives  would  be  in  the 
preponderance  in  the  immediate  neighborhood,  and  therefore  be 
the  first  to  reproduce  their  kind  in  any  numbers.  In  the  ca.se 
of  the  tension  zone,  however,  any  change,  no  matter  how  insig- 
nificant, might  afford  just  the  advantage  which  some  opposing 
species  of  either  zone  required  for  its  establishment  in  neutral 
territory. 

For  this  reason  the  fonner  lines  of  specific  limitation  in  the 
tension  zone  it  is  now  impossible  to  determine.  In  this  zone 
the  changes  have  undoubtedly  been  the  greatest,  as  it  is  there 
that  cultivation  has  been  the  most  extensive,  and  over  miles  of 
the  surface,  in  the  marl  belt  especially,  the  original  forest  has 
been  completely  destroyed,  while  in  the  other  zones  the  limits 
and  relative  proportions  of  the  species  have  probably  always 
remained  about  the  same. 

Another  corollarv  to  which  it  may  be  of  interest  to  call  atten- 
tion  is  that  where  zones  of  vegetation  become  established  by 
reason  of  the  conditions  being  directly  favorable  in  each,  the 
weaker  individuals  are  necessarily  crowded  to  the  front  and 
meet  in  the  tension  zone.  Where,  however,  a  zone  becomes 
established,  not  because  the  conditions  are  directly  favorable  for 
the  vegetation  which  occupies  it,  but  only  indirectly  for  the 
reason  that  it  is  unfavorable  for  anv  other,  this  condition  mav 
result  in  bringing  stronger  individuals  to  the  front  of  the  more 
barren  zone  and  into  the  tension  zone. 

This  is  well  exemplified  in  the  case  of  Pinus  rigida^  which  is 
usually  larger  where  it  occurs  in  isolated  groves  in  the  better 
soil  of  the  tension  or  deciduous  zones  than  in  its  normal  location 
in  the  sand  barrens. 

This  fact,  considered  by  itself,  would  appear  to  give  a  decided 
advantage  to  the  coniferous  vegetation,  but  its  lower  position  in 
the  biologic  scale,  as  compared  with  the  deciduous,  is  evidently 
more  than  sufficient  to  offset  this  advantage. 

In  the  following  enumeration  an  attempt  is  made  to  give  an 
idea  of  the  general  character  of  the  forest  in  each  zone,  by  listing 
the  most  conspicuous  and  abundant  species  in  each.* 

*The  nomenclature  adopted  is  that  of  Britton  &  Brown's  "  Illustrated  Flora  of  the  Nortbem  United 
States,  Canada  and  the  British  Possessions." 
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Deciduous  Zone: 

Gymnospermse :  Pinus  Strobus  L.,  Tsuga  Canadensis  (L.) 
QdiXX,^  Jtmipertis  Virginiana  L. 

Angiospermae :  Juglans  nigra  L.,  Hicoria  ovata  (Mill.)  Brit- 
ton,  Hicoria  glabra  (Mill.)  Britton,  Hicoria  alba  (L.)  Britton, 
Carpinus  Caroliniana  Walt.,  Betula  lenta  L.,  Fagus  Americana 
Sweet,  Castanea  dentata  (Marsh.)  Borkh.,  Quercus  Prinus  L., 
Q,  rubra  L.,  Q.  coccinea  Wang.,  Q.  velntina  Lam.,  Q,  alba  L<., 
Ulmiis  Americana  L.,  Liriodendron  Tnlipi/era  L.,  Plata nus 
occidejitalis  L.,  Corniis  florida  L.,  Rhododendron  niaximtcm  L., 
Fraxinus  Americana  L.,  F.  Pennsylvanica  Marsh.,  F,  lanceolata 
Borck. 

Scattering  from  the  Coniferous  Zone  :  ChamcFcyparis  thyoides 
(L.)  B.  S.  P.,  Pinus  rigida  Mill.,  Diospyros  Virginiana  L.,  Ilex 
opaca  Ait. 

Coniferous  Zone  : 

Gymnospermae :  Pinus  rigida  Mill.,  P,  echinata  Mill,  P,  Vir- 
giniana Mill.,  Chamcecyparis  thyoides  (L.)  B.  S.  P.  Angios- 
permae :  Quercus  Phellos  L.,  Q.  nigra  L.,  Q.  minor  (Marsh.) 
Sarg.,  Q,  alba  L.,  (2-  coccinea  Wang.,  Q.  velutina  Wang.,  Mag- 
7wlia  Virginiana  L.,  Crataegus  unijlora  Muench.,  Pruitus  mari- 
tifna  Wang.,  Ilex  opaca  Ait.,  Diospyros  Virginiana  L. 

Scattering  from  the  Deciduous  Zone  :  Pinus  Strobus  L.,  Tsuga 
Canadensis  (L.)  Carr.,  Castanea  dentata  (Marsh.)  Borkh.,  Hicoria 
alba  (L.)  Britton,  Liriodendron  Tulipifera  L. 

Species  more  or  less  abundant  in  both  zones  :  Populus 
tremuloides  Michx.,  Salix  nigra  Marsh.,  Betula  nigra  L., 
Betula  populifolia  Marsh.,  Alnus  rugosa  (Du  Roi)  K.  Koch., 
Quercus  nana  (Marsh.)  Sarg.,  Sassafras  Sassafras  (L.)  Karst., 
Liquidambar  Styraciflua  L.>  Prunus  serotina  Ehrh.,  Acer 
rubrum  L.,  Nyssa  sylvatica  Marsh. 

It  may  be  noted  that  three  species  {Quercus  alba^  Q.  coccinea 
and  Q.  velutina)  are  listed  as  characteristic  trees  in  both  zones. 
This  means  that  they  are  so  abundant  in  both  that  any  descrip- 
tion of  the  prevailing  vegetation  in  either  would  be  incomplete 
unless  they  were  mentioned.  On  the  other  hand,  the  species 
listed  as  abundant  in  both  zones  are  equally  wide  in  their  distri- 
bution, but  none  of  them  is  so  abundant  as  to  be  characteristic. 
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being  more  or  less  scattered,  usually  following  minor  surface 
conditions,  such  as  water-courses,  swamps,  fence  lines,  &c. 

Doubtless  in  certain  sections  other  species  than  those  above 
listed  would  appear  equally  important  as  elements  in  the  flora, 
but  those  enumerated  will  give  a  fair  idea  of  the  arboreal 
features  as  a  whole.  If  a  complete  census  of  all  the  sj>ecies 
which  inhabit  each  zone  be  made,  and  studied,  it  will  be  found 
that  the  deciduous  zone  contains  the  greater  number  and  diver- 
sity, and  that,  as  a  rule,  they  are  well  mixed ;  no  one  sj^ecies 
forming  the  bulk  of  the  forest  over  any  considerable  area.  In 
the  coniferous  zone,  on  the  contrar>%  the  monotonous  uniformity 
of  the  forests,  due  to  extensive  aggregations  of  a  few  predominant 
species,  is  often  conspicuous  over  hundreds  of  square  miles.  In 
the  latter  zone,  for  example,  Pimis  rigida  is  not  only  the  pre- 
dominant but  almost  the  exclusive  species,  over  large  areas,  but 
no  such  example  can  be  quoted  in  regard  to  any  one  species  in 
the  deciduous  zone.  This  species  also  occurs  in  several  scattered 
groups  northward  in  the  state,  but  not  in  sufficient  numbers  to 
form  forests  or  to  be  classed  as  characteristic  of  the  deciduous 
zone. 

If  now  the  geolog>'  and  topography  of  each  zone  be  considered 
it  may  be  seen  that  the  southern  limit  of  the  deciduous  zone  is 
quite  sharply  coterminous  with  the  southern  edge  of  the  Triassic 
outcrop,  and  that  it  extends  unrestricted  in  all  other  directions 
up  to  and  beyond  the  state  line  and  that  its  geologic  and  topo- 
graphic features  are  exceedingly  varied.  The  coniferous  zone, 
on  the  contrary,  is  cotenninous  along  its  northern  border  with 
the  northern  border  of  the  Tertiary  sands  and  gravels  and  pre- 
sents but  little  diversity  either  in  its  geology*  or  topography, 
except  for  the  fringe  of  sand  beaches  and  salt  marshes  at  tide- 
water, by  which  it  is  limited  in  the  east  and  south.  Its  area  is 
restricted  by  these  barriers  in  these  directions,  but  it  extends 
beyond  the  boundar>'  of  the  state  southwestwardly.  The  tension 
zone,  which  includes  practically  the  whole  of  the  Cretaceous 
plastic  clays  and  the  Cretaceous  and  Tertiary-  clay  marls  and 
marls,  is  intermediate,  geographically  and  in  its  geologic  and 
topographic  features,  between  the  other  two. 

The  above-mentioned  facts  may  be  observed  to  advantage  in  a 
number  of  critical  localities,  as,  for  example,  in  the  vicinity  of 


REPORT  ON  FORESTS.  187 

Fanningdale.  Here  there  is  an  area  of  marl  which  is  located 
well  within  the  borders  of  the  sands  and  gravels.  If  a  line  be 
traversed,  starting  from  the  vicinity  of  Lakewood,  in  the  heart 
of  the  coniferous  zone,  little  else  than  Pinus  n'gida,  P.  echinata^ 
Q,  alba^  Q,  vehUina^  etc.,  are  met  with,  until  the  border  of  the 
marl  area  is  reached,  when  the  pines  disappear  and  in  their 
stead  are  deciduous  trees,  amongst  which  may  be  noted  Querais 
7'tibra^  Hicoria  alba^  Ulnms  Americana^  Popuhis  tremuloides^ 
Castanea  dcntata^  Liquidambar  Styracijiiia^  Betula  nigra^  etc. 
As  soon  as  the  opposite  border  of  the  area  is  crossed  the  condi- 
tions are  reversed  and  pines  are  again  predominant  imtil  the 
edge  of  the  main  marl  belt  is  reached  near  Eatontown,  where 
deciduous  trees  again  prevail.  The  lines  of  demarkation  which 
may  be  noticed  in  thus  crossing  from  one  formation  to  another 
are  so  sharply  defined  by  the  character  of  the  vegetation  in  each 
as  to  be  plainly  apparent  within  a  small  fraction  of  a  mile. 

If  the  same  area  be  crossed  in  a  direction  about  at  right  angles 
to  the  previously  mentioned  route,  beginning  in  the  deciduous 
zone  near  Monmouth  Junction,  an  equally  significant  series  of 
facts  may  be  noted.  In  this  vicinity  the  trees  are  almost  wholly 
deciduous,  consisting  largely  of  Quercus  rubra^  Q,  alba^  Q,  velu- 
tina^  Hicoria  alba^  H.  glabra^  H.  ovata^  Uhmis  Americana^ 
Fr ax  inns  sp?,  Fagus  Americana^  Castanea  deiitata^  Lirioden- 
dron  Tiilipifera^  Liquidambar  Styraciflua^  Poptilus  tremiiloideSy 
Carpinus  Caroliniana^  Platanus  occidentalism  Acer  rnbrum^ 
Comics  florida^  etc.,  with  occasional  groups  or  individuals  of 
Juniperus  Virginiana  and  Pifius  Strobus^  all  of  large  size  and 
vigorous  growth. 

In  traveling  across  the  clay  belt  toward  Jamesburg  several  of 
the  above-mentioned  species  may  be  noted  as  becoming  less 
prominent  or  as  disappearing  entirely,  while  those  which  con- 
tinue are  noticeably  smaller  in  size.  Several  new  species  also 
make  their  appearance,  such  as  Diospyros  Virginiana^  Quercus 
ilicifolia^  Q.  nigra^  Pinus  Virginiana  and  P.  rigida^  and  this 
condition  of  the  vegetation  prevails  until  well  within  the  borders 
of  the  marl  belt  near  Englishtown,  when  the  trees  again  become 
somewhat  larger  in  size.  This  variation  in  the  size  of  the  trees 
was  in  most  cases  found  to  be  coii  dent  th  the  presence  or 
absence  of  areas  of  sand  or  gr^  occurring 
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in  connection  with  such  areas,  which  latter  were  also  coincident 
with  the  distribution  of  several  of  the  species.  In  one  locality, 
about  a  mile  north  of  Englishtown,  the  road  passes  through 
quite  a  deep  cut,  in  a  sand  hill  of  considerable  extent  laterally 
and  vertically.  On  this  hill  is  a  conspicuous  growth  of  fHnus 
rigida  and  Diospyros  Americana^  although  they  seem  to  be 
entirely  absent  elsewhere  in  the  immediate  vicinity.  Continuing 
on  towards  Freehold,  some  of  the  species  which  were  but  sparsely 
represented  before  may  be  noted  as  becoming  more  prominent, 
and  then  a  marked  change  occurs  as  soon  as  the  border  of  the 
marl  belt  is  crossed.  In  place  of  an  almost  universal  deciduous 
vegetation,  patches  of  Ptnus  rigida  become  conspicuous  features 
until  the  marl  area  at  Farmingdale  is  reached,  when  the  pines 
disappear  and  are  not  again  met  with  until  the  area  is  crossed. 
By  this  route  it  may  be  seen  that  the  entire  width  of  the  tension 
zone  is  crossed,  where  the  relations  of  the  two  floras  are  most 
complicated. 

Another  interesting  locality  is  the  vicinity  of  Perth  Amboy, 
where  the  Terminal  Moraine  extends  southward  beyond  the 
Triassic  border,  and  encroaches  for  a  short  distance  onto  the 
Cretaceous  area.  The  deciduous  flora,  which  elsewhere  is 
coterminous  with  the  Triassic  border,  is  here  carried  beyond,  to 
the  edge  of  the  Moraine,  where  it  is  in  sharp  contrast  with  the 
coniferous  trees  of  the  tension  zone,  which  here  find  their  most 
northern  limit  in  the  state. 

At  many  other  'localities  in  or  near  the  tension  zone  similar 
facts  may  be  noted,  but  the  above  instances  are  probably  suffi- 
cient for  purposes  of  illustration. 

As  examples  of  the  areal  distribution  and  limitation  of  species 
the  following  may  be  taken  as  specially  interesting : 

Tsiiga  Canadensis.  More  or  less  abundant  in  the  deciduous 
zone,  especially  in  hilly  regions  along  the  borders  of  streams. 
Not  recorded  south  of  the  tension  zone,  except  indefinitely,  as 
very  rare,  in  Monmouth  and  Ocean  counties.  New  Eg>'pt, 
Vincentown  and  Burlington  are  the  only  exact  localities  known 
*to  me  south  of  the  Triassic  border,  and  these  three  localities  are 
all  within  the  tension  zone.* 

PiuHs  Strobus.     Frequent  in  the  deciduous  zone,  often  form- 

*  NoTH  BY  Statb  Geologist:  Repotted,  below  Sharptown,  on  Salem  creek,  Salem  cooaty,  a 
grove  cf  ihiity  large  trees.     Charles  R.   Lippiocott. 
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ing  good  sized  groves.  Represented  in  the  tension  zone  by 
scattered  individuals  or  limited  aggregations,  especially  along 
water-courses.  Almost  limited  to  scattered  individuals  in  the 
coniferous  zone.  The  probabilities  are  that  the  species  was 
formerly  more  abundant  in  the  tension  zone  than  the  present 
distribution  indicates.  It  is  the  characteristic  pine  of  the 
deciduous  zone. 

Finns  rigida.  Exceedingly  abundant  in  the  coniferous  zone, 
where  it  often  forms  the  bulk  of  the  arboreal  vegetation  over 
large  areas.  Less  abundant  in  the  tension  zone.  Represented 
by  scattered  groves  or  individuals  in  the  deciduous  zone.  It  is 
the  characteristic  pine  of  the  coniferous  zone. 

Finns  Virginiana.  Abundant  in  the  tension  zone,  especially 
in  the  clay  belt.  Less  abundant  in  the  coniferous  zone,  but  fre- 
quently fonning  small  forests  or  groves.  Recorded  from  the 
deciduous  zone  only  at  widely  separated  localities — Riegelsville, 
Milford  and  New  Brimswick. 

Finns  echinata.  Most  abundant  in  the  tension  zone,  particu- 
larly in  the  marl  belt,  often  fonning  groves  of  considerable 
extent.  Less  abundant  in  the  coniferous  zone  and  not  recorded 
from  any  locality  within  the  deciduous  zone.  This  and  the  pre- 
ceding species  may  be  regarded  as  specially  characteristic  of  the 
tension  zone. 

Chamcecyparis  thyoides.  Forms  the  bulk  of  the  vegetation 
in  the  cedar  swamps  of  the  coniferous  zone.  Rare  in  the  tension 
zone.  Locally  in  limited  numbers  in  certain  isolated  swamps 
in  the  deciduous  zone  :  Secaucus,  New  Durham,  High  Point,  etc. 

Rhododendro7i  maximiuji.  Abundant  in  the  deciduous  zone, 
often  forming  dense  thickets  along  streams  and  lake  borders. 
Recorded  from  but  one  locality  in  the  tension  zone,  in  the 
vicinity  of  Burlington  and  Kinkora,  and  from  but  one  in  the 
coniferous  zone,  at  Sicklerv'ille. 

Ilex  opaca.  Common  in  wet  woods,  especially  near  tide- 
water, in  the  coniferous  zone.  Less  abundant  in  the  tension 
zone.  Reported  from  but  one  locality  in  the  deciduous  zone,  at 
Carpentersville. 

Qnerais  Fhellos.  More  or  less  abundant  in  the  southern  part 
of  the  state  in  both  the  coniferous  and  tension  zones.  Further 
north,  especially  abundant  in  the  clay  belt  of  the  latter  zone, 
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where  it  occurs  close  to  the  edge  of  the  Triassic  border,  but  has 
not  been  recorded  beyond. 

Querciis  nigra.     Practically  the  same  range  as  the  latter. 

If  the  above  defined  areas  of  distribution  and  lines  of  limita- 
tion be  studied  it  will  at  once  be  apparent  that  they  are  not  due 
to  climatic  conditions.  In  the  case  of  Chamipcyparis  we  have 
a  species  which  exists  as  far  north  as  Massachusetts  and  as  far 
south  as  Florida,  while  Pinus  rigida  is  known  from  Canada  to 
Georgia — their  occurrence  north  of  the  coniferous  zone  being 
apparently  largely  due  to  locally  favorable  physiographic  con- 
ditions. 

Considering  other  species  we  may  even  eliminate  physio- 
graphic conditions  as  a  cause  of  distribution,  as,  for  example, 
Querais  Phellos  and  Q.  nigra^  which  extend  northward  in  the 
eastern  part  of  the  state  as  far  as  Perth  Amboy,  but  in  the 
western  part  are  not  known  north  of  Trenton.  A  line  dra\«rn 
between  these  two  localities  defines  their  limit  of  distribution. 
The  topographic  features  for  a  large  part  of  the  distance  along 
both  sides  of  this  line  are  practically  identical,  and  yet  neither 
of  the  species  crosses  it.  The  fact  which  is  at  once  apparent, 
however,  is  that  this  line  is  coincident  with  the  line  \*'hich 
separates  the  Cretaceous  and  Triassic  outcrops,  and  the  rational 
inference  is  that  this  feature,  the  geologic,  is  the  important  one 
to  be  studied. 

In  the  instances  quoted  the  coincidence  between  the  geologic 
features  and  the  areas  of  distribution  and  lines  of  limitation  are 
more  striking  than  in  most  cases,  as  they  were  chosen  specially 
for  that  purpose,  but  there  is  no  doubt  that  a  careful  tabulation 
of  similar  facts  in  regard  to  other  species  would  be  exceedingly 
interesting  and  significant. 

DISCUSSION    OF   THE    F.\CTS. 

If  the  foregoing  facts  be  carefully  considered,  one  feature  in 
connection  with  them  will  at  once  attract  attention  by  reason  of 
its  constant  reiteration.  This  is  the  influence  apparently  exerted 
by  certain  geologic  formations  upon  the  distribution  of  certain 
classes  or  species  of  trees,  or,  for  the  sake  of  argument,  the 
coincidence  which  apparently  exists  between  certain  geologic 
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formations  and  certain  facts  of  plant  distribution,  and  from 
whatever  point  of  view  we  may  regard  the  matter  it  finally 
resolves  itself  into  an  examination  of  the  soil  conditions  which 
are  directly  dependent  upon  the  structure  and  composition  of 
the  geologic  formations  from  which  they  were  derived.  Soil 
influence  is  indicated  in  all  the  before-mentioned  facts  of  plant- 
distribution  within  the  state  as  one  of  the  most  potent  factors, 
and  in  some  instances  as  practically  the  only  one  to  be  taken 
into  consideration.  Here  it  seems  pertinent  to  remark,  lest  the 
fact  should  not  be  thought  of,  that  the  mere  name  which  any 
geologic  formation  may  bear  is  of  no  consequence  in  this  con- 
nection. The  only  matter  of  moment  is  its  lithologic  charac- 
ters, mechanical  or  chemical,  irrespective  of  age  or  stratigraphic 
position.  A  sandy  soil,  whether  a  recent  dune  deposit  or  one 
derived  from  the  disintegration  of  Palaeozoic  sandstone  in  place, 
would  be  of  equal  importance  so  far  as  sand-loving  plants  are 
concerned.  Similarly  a  heavy  soil,  whether  of  glacial  till  or 
Cretaceous  marl,  might  be  equally  available  as  a  home  for 
species  which  must  love  such  a  mechanical  condition  for  their 
proper  growth,  while  those  which  merely  require  a  rocky  soil 
would  be  indifferent  as  to  whether  the  rock  was  Eozoic  granite 
or  Mesozoic  trap. 

This  line  of  argument,  as  may  be  readily  seen,  infers  that  the 
mechanical  structure  of  the  soil  is  of  greater  importance  as  a 
factor  in  plant  distribution  than  is  its  chemical  composition,  and 
this  seems  to  be  the  fact.  The  observations  made  indicate  that 
the  fonner  is  the  more  powerful  factor  in  determining  the  origi- 
nal location  and  distribution  of  species,  while  the  latter  more 
largely  influences  their  subsequent  growth. 

Upon  this  basis  of  reasoning  we  may  in  part  account  for  the 
fact  that  species  of  the  deciduous  zone,  where  the  soils  are  com- 
paratively rocky  or  heavy,  are  able  to  push  their  way  southward 
into  the  clays  and  marls  of  the  tension  zone,  and  we  also  note 
the  effect  of  the  chemical  composition  of  the  soil  on  their 
growth,  as  indicated  by  their  decrease  in  size  wherever  the  same 
species  occur,  on  areas  of  sand  or  gravel  within  the  zone.  By  a 
similar  course  of  reasoning  we  may  understand  the  northward 
extension  of  species  from  the  coniferous  zone,  such  as  IHnus 
Virginiana^  on  account  of   the  sandy  or  gravelly  surface-soil 


192      GEOLOGICAL  SURVEY  OF  NEW  JERSEY. 

which  prevails  over  most  of  the  tension  zone,  and  its  abrupt 
limitation  where  this  ceases.  Qtiercus  Phellos  and  Q,  nigra  are, 
without  doubt,  limited  in  their  distribution  by  the  same  cause, 
and  we  are  justified  in  assuming  that  if  the  soil  conditions,  or, 
what  is  the  equivalent,  the  geological  formation  in  which  they 
grow,  had  a  further  northward  extension,  the  species  mentioned 
would  be  found  upon  it.* 

When  the  chemical  characteristics  of  the  soil  of  each  zone  are 
studied,  it  becomes  easy  to  understand  why  the  vegetation  in 
each  is  so  different.  In  the  deciduous  zone  the  rocks  are  par- 
tially weathered  and  disintegrated  for  a  considerable  depth,  and 
this  disintegration  is  unceasingly  going  on,  constantly  adding 
new  material  to  the  soil  from  the  variety  of  the  mineral  con- 
stituents in  the  rocks.  New  soil  is  constantly  being  made  and 
the  old  soil  being  renovated,  so  that  plant  food  is  in  process  of 
manufacture  all  the  time.  The  mechanical  character  is  also 
such  that  it  is  capable  of  retaining  moisture  for  a  considerable 
period,  which  is  a  valuable  factor  in  periods  of  drought. 

On  the  other  hand,  in  the  coniferous  zone  the  rock  has  long 
been  almost  completely  disintegrated,  and  as  it  is  practically 
composed  of  but  one  constituent,  quartz,  which  is  of  little  or  no 
value  for  plant  food,  any  further  disintegration  is  incapable  of 
yielding  any  other  element,  and  but  little  is  added  to  the  soil 
which  could  serve  to  support  vegetation.  Further  than  this,  in 
many  places  no  rock  disintegration  is  going  on,  but,  on  the  con- 
trary, rock  is  in  actual  process  of  formation.  Sandstones  and 
conglomerates  are  being  formed  by  cementation  with  limonite, 
and  where  this  occurs  a  hard  layer  results  which  limits  the 
downward  growth  of  roots,  while  if  the  conditions  are  such  that 
an  open,  porous  sandy  soil  prevails,  it  becomes  impossible  for 
water  to  be  retained  in  it,  and  an  arid  sand  barren  is  the 
result. 

One  thing,  however,  as  previously  hinted,  should  be  bonie  in 
mind  in  regard  to  many  typical  or  characteristic  species,  which 
is  that  they  do  not  always  exist  in  a  region  by  reason  of  the 
environment  being  the  most  favorable  for  them,  but  because  the 

*  In  this  connection  the  following  reference  may  be  found  of  interest : 

I.  "  On  the  Existence  of  a  Peculiar  Flora  on  the  Kittatinny  Mountains  of  Northern  N«w  Jersey. *' 
N.  L.  Britton.     Bull.  Torrey  Bot.  Club.  Vol.  XI  (1884),  p.  ia6. 

a  "  Plant  Distribution  as  a  Factor  in  the  Interpretation  of  Geologic  Phenomena,  &c.'*  Arthur  Hol« 
lick.    Trans.  N.  Y.  Acad  Sci.     Vol.  XII  (1893),  p.  189. 
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environment  may  be  unfavorable  for  other  species.  Thus,  to 
again  refer  to  the  case  of  Pirms  rigida^  while  it  exists  in  parts 
of  the  sand  barrens  of  Ocean,  Burlington  and  Atlantic  counties, 
almost  to  the  exclusion  of  all  other  trees,  it  is  stunted  and  con- 
-picuously  less  vigorous  in  appearance  as  a  whole  than  where  it 
occurs  as  scattiering  groves  or  individuals  in  richer  soil  further 
north.  The  natural  inference  is  that  it  would  exist  to  better 
advantage  in  a  different  soil,  but  that  other,  more  agressive 
species,  higher  in  the  biologic  scale,  are  able  to  seize  upon  and 
hold  such  soils  against  it,  and  that  it  exists  in  the  pine  barrens 
largely  by  reason  of  freedom  from  competition.  This  inference 
is  further  strengthened  if  we  consider  its  wide  geographic  range, 
as  previously  noted,  which  includes  a  great  diversity  of  soil  and 
climate. 

The   relation   between   these   existing  facts  and  the  events 
which  preceded  them  will  be  discussed  in  the  next  section. 


IL    Historical  Development* 

PRELIMINARY    DISCUSSION. 

In  tracing  the  development  of  plant  life  through  geologic  time 
the  fact  is  well  recognized  that  the  flora  of  Eozoic  and  Palaeozoic 
times  is  not  related  to  our  living  flora  by  any  closer  ties  than 
those  of  sub-kingdoms  or  classes.  In  Mesozoic  time  generic  rela- 
tionships may  be  traced,  while  in  Neozoic  time  many  species 
identical  with,  or  closely  related  to,  living  ones,  may  be  identi- 
fied. 

It  is  also  accepted,  as  a  broad  generalization,  that  biologic 
development  has  been  synchronous  with  the  stratigraphic 
sequence,  or,  in  other  words,  that  the  older  the  geologic  forma- 
tion the  lower  in  organization  are  its  accompanying  fossils,  and 
conversely  that  the  more  recent  the  geologic  formation  the  higher 
in  the  scale  of  life  are  its  fossils. 

In  palaeobotany  the  facts  in  this  latter  connection  are  particu- 
larly striking  and  provide  us  with  excellent  data  from  which  to 
draw  conclusions.  Plant  life  was  evolved  into  its  present  status 
largely  through  the  influence  of  changes  in  environment,  and 
changes  now  under  way  are  modifying  it  still  further.     In  order 

13  FOR 


194      GEOLOGICAL  SURVEY  OF  NEW  JERSEY. 

therefore  to  understand  how  any  particular  living  flora  has 
reached  its  present  condition  it  is  necessary  to  know  something 
about  the  changes,  in  their  proper  sequence,  which  the  region 
has  undergone  in  the  past. 

Within  the  boundaries  of  the  state  are  geologic  formations 
representing  all  the  great  time  divisions,  Eozoic,  Palaeozoic, 
Mesozoic  and  Neozoic,  and  rocks  of  all  the  included  geologic 
periods,  with  the  exception  of  Carboniferous  and  Jurassic,  but 
for  the  purposes  of  this  report  the  vegetation  of  Palaezoic  time 
may  be  disregarded. 

MESOZOIC  TIME. 

Triassic  Period,  During  this  period  the  shore  line  of  the 
North  American  continent,  so  far  as  New  Jersey  is  concerned, 
extended  irregularly  from  about  the  vicinity  of  Mahwah  to  a  few 
miles  south  of  Phillipsburg.  Everything  indicates  that  for  a 
long  time  the  Atlantic  border  had  been  slowly  sinking  and  that 
the  Triassic  deposits  were  laid  down  in  estuaries  and  lagoons 
which  were  alternately  covered  by  the  tides  and  exposed  to  the 
air.  The  rocks  are  largely  conglomerate,  sandstone  or  shales, 
evidently  shore  or  shallow-water  deposits,  often  ripple-marked 
or  sun-cracked  and  bearing  the  footprints  of  reptiles  or 
amphibians. 

The  vegetation  of  the  period  is  but  sparsely  represented  in 
the  collections  which  have  been  made  in  New  Jersey,  but  by 
comparing  these  with  similar  collections  from  other  places  it 
may  be  seen  that  the  vegetation  is  fairly  representative  of  the 
period.  Dr.  J.  S.  Newberr}*  has  described  nine  species  from  the 
state,*  of  which  three  are  regarded  as  pteridophytes,  and  the 
remainder  are  apparently  all  referable  to  the  g\^mnospenns. 
One  living  genus  {Equisehim)  is  recognized  in  the  former  sub- 
kingdom. 

Thus  far,  in  any  collection  of  Triassic  plants  which  has  been 
made,  nothing  higher  in  biologic  development  than  the  monoco- 
tyledons is  even  indicated,  and  we  may  regard  the  Triassic  flora 
as  one  composed  almost  wholly  of  ferns  and  their  allies,  cycads 
and  conifers,  with  cycads  as  the  dominant  type. 

• "  FoMil  Fishes  and  Fossil  PUnts  of  th«  Triassic  Rocks  of  New  Jersey  and  the  Cooaecticnt 
Valley."    Monographs  of  the  U.  S.  Geol.  Surrey,  Vol.  XIV. 
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Jurassic  Period,  Towards  the  close  of  the  Triassic  period 
great  physical  changes  occurred,  of  which  the  extrusion  of  trap 
dykes  was  one  of  the  prominent  features.  The  indications  are 
that  that  portion  of  the  continent  now  represented  by  New 
Jersey  and  vicinity  was  raised  to  a  higher  level  than  further 
south,  for  the  reason  that  in  this  region  we  find  no  deposits 
which  can  be  recognized  as  Jurassic,  while  deposits  which  may  be 
provisionally  considered  as  such  occur  in  Maryland  and  southward. 
In  New  Jersey,  therefore,  we  have  a  break  in  the  geologic  sequence 
at  this  point,  and  in  consequence  a  hiatus  in  the  line  of  plant 
development,  which,  however,  has  been  at  least  partially  bridged 
by  Professor  Wm.  M.  Fontaine  *  and  Dr.  Lester  F.  Ward,  t  in 
their  studies  of  the  Potomac  formation  of  Maryland.  The  exact 
geologic  age  of  the  lower  strata  of  this  formation  has  not  been 
definitely  determined,  but  the  evidence  thus  far  adduced  from 
the  fossil  plants  indicates  a  transition  from  the  Triassic  flora 
below  to  the  typical  Cretaceous  flora  above.  In  this  transition 
flora,  accompanying  the  numerous  pteridophytes  and  g^^mno- 
sperms,  are  many  archaic  types,  mostly  of  undoubted  angio- 
spenns,  in  which  generic  relationships  with  living  plants  are 
more  or  less  definitely  indicated  under  such  names  as  Ficophyl- 
lum^  Sapindopsis^  Saliciphylliim^  Qnercophylliim^  Eiicalypto- 
phylhun^  &c.  A  number  of  living  genera  are  also  recognized, 
such  as  Torreya^  Sequoia^  Araiicaria^  Taxodiiim^  Sassafras^ 
Fiats,  Myrica^  Sterciilia,  &c.  The  number  of  pteridophytes 
and  gymnosperms,  compared  with  the  angiospenns,  is  about  4 
to  I.  The  comparatively  limited  number  of  modern  elements 
contained  in  the  flora  renders  any  comparison  with  our  living 
flora  somewhat  hazardous,  so  far  as  any  conclusions  as  to  the 
probable  climatic  conditions  are  concerned,  but  we  may  safely 
sa>'  that  in  its  general  characters  tropical  or  sub-tropical  condi- 
tions are  indicated. 

Cretaceous  Period,  As  previously  stated,  Jurassic  strata  are 
wanting  in  New  Jersey,  and  we  find  that  those  which  next  suc- 
ceed the  Triassic  are  clays,  sands  and  gravels  of  Middle  Creta- 
ceous age.  This  indicates  a  later  submergence  of  the  New 
Jersey  area,  when  the  shore-line  was  approximately  where  we 


•"The  Potomac  or  Younger  Mesoioic  Flora."    Monographs  of  the  U.  S.  Geol.  Surrey,  Vol.  XV. 
t "  The  Potomac  Formation."    15th  Ann.  Rept.  U.  S.  Geol.  Sorrey,  pp.  307-997. 
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now  find  the  northern  edge  of  the  clay  belt  to  be,  extending 
from  Woodbridge  to  Trenton.  This  was  evidently  a  pericxi  of 
quietude  and  slow  subsidence,  as  the  deposits  indicate,  during 
which  immense  quantities  of  land  vegetation  were  entombed, 
many  of  the  specimens  so  delicate  that  it  is  difficult  to  under- 
stand how^  they  could  have  been  preserved,  affording  additional 
evidence  of  the  quiet  conditions  which  must  have  prevailed. 
This  flora  has  been  described  by  Dr.  Newberry^,*  who  recognized 
in  it  156  species,  of  which  all  but  about  30  are  angiosperms, 
ipiearly  all  of  them  included  under  living  genera. 

Many  of  these  are  genera  which  now  inhabit  the  region,  such 
as  Diospyros^  Juglans^  Liriodendron^  Magnolia^  Populus^  &c., 
but  others  are  of  foreign  or  more  southern  indigenous  distribu- 
tion, such  as  Bauhinia^  Cinnamomum^  Eucalyptus^  Ficids^  Lau- 
rus^  Passiflora^  Sequoia^  &c. 

No  living  species  is  recognized,  although  close  specific  relation- 
ship is  indicated  in  one  of  the  names  adopted  {^Magnolia  glau- 
coides)  and  is  commented  upon  in  regard  to  others.  The  most 
significant  feature  as  a  whole  is  the  complete  reversal  of  the  pro- 
portions between  the  angiosperms  and  gymnospenns  when  com- 
pared with  these  proportions  in  the  preceding  formation,  the 
angiosperms  being  now  overwhelmingly  in  the  ascendant.  The 
genera  also  indicate  a  climate  less  tropical  than  that  which 
preceded  it.    • 

After  the  clays  had  been  laid  down,  as  estuar}'  or  brackish 
water  deposits,  as  indicated  by  the  occurrence  of  marine  molluscs 
in  limited  numbers,  the  submergence  continued,  and  we  next 
find  the  clay  marls,  representing  a  transition  to  marine  condi- 
tions. In  these,  as  might  be  expected,  the  remains  of  land 
vegetation  are  less  abundant,  but  apparently  the  flora  was  not 
noticeably  different  in  its  generic  characters  from  that  of  the 
clays,  although  a  number  of  new  species  may  be  noted,  t 

The  subsidence  continued  and  true  marine  conditions  super- 
vened. The  marls  were  deposited  and  in  them  nothing  but 
marine  organisms  are  preserv^ed.  Thus  far  we  have  not  found 
any  record  of  the  land  vegetation  which  occupied  the   region 


•  ••  The  Flora  of  the  Amboy  Clays."    Monographs  of  the  U.  S.  Geol.  Survey,  VoL  XXVI. 

tSee  "The  Creuceous  Clay  Marl  Exposure  at  Cliffwood,  N.  J."    Arthur  HolHck.    Trans.  N.  Y. 
Acad.  Sci.  Vol.  XXI,  p.  124. 
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during  the  time  when  this  formation  was  being  laid  down,  but 
in  the  West  the  conditions  were  different  and  the  remains  of 
Upper  Cretaceous  plants  are  abundantly  preserved  in  the  Lara- 
mie and  allied  formations.  In  these  most  of  the  Middle  Creta- 
ceous genera  continue,  but  the  species,  in  all  except  a  few 
instances,  are  different.  A  large  number  of  new  genera  make 
their  appearance,  including  one  entirely  new  type  of  vegetation 
— the  fan  palms — and  for  the  first  time  the  monocotyledons 
assume  some  prominence. 

Generically  it  was  more  closely  related  to  the  living  flora  of 
the  middle  United  States  than  was  that  which  preceded  it. 
The  number  of  living  genera  included  in  it  was  actually  and 
relatively  greater  and  the  species  are  of  a  more  modern  aspect, 
but  none  of  the  latter  is  apparently  identical  with  any  now  in 
existence. 

The  ratios  between  the  pteridophytes,  gymnosperms  and 
angiosperms  were  apparently  approximately  as  we  find  them  to 
be  to-day,  and  the  climatic  condition  indicated  was  warln- 
temperate. 


NEOZOIC  TIME. 

Tertiary  Period.  During  the  early  part  of  this  period  the 
indications  are  that  while  minor  oscillations  of  level  occurred, 
the  previous  era  of  subsidence  continued  until  the  shore-line 
advanced  inland  beyond  the  old  Cretaceous  border,  covering  the 
entire  coastal  plain  with  the  deposits  which  we  know  in  the 
aggregate  as  the  Yellow  Gravel  formation.  In  places  this  is 
undoubtedly  of  marine  origin,  in  others  it  is  apparently  due  to 
floods  of  fresh  water. 

At  one  locality  only,  in  the  vicinity  of  Bridgeton,  has  the 
vegetation  of  any  portion  of  this  period  been  found  within  the 
borders  of  the  state.  Fortunately  the  remains  there  preserved 
were  collected  in  considerable  abundance  and  in  an  excellent 
state  of  preserv^ation.  Probably  about  fifty  species  are  repre- 
sented in  the  collections  which  have  been  made — all  of  them 
angiosperms,  many  of  them  referable  to  living  species  and  some 
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of  them  identical  with  species  now  growing  in  the  vicinity  of 
Bridgeton,  such  as  Ilex  opaca^  Nyssa  sylvatica^  &c.* 

A  comparison  between  this  fossil  flora  and  the  living  flora  of 
eastern  North  America  indicates  a  close  identity  between  the 
former  and  that  now  in  existence  at  about  the  latitude  of  Vir- 
ginia. In  many  of  its  elements  it  is  unique  and  distinct  from 
that  of  any  other  American  Tertiar>'  horizon.  The  collections 
of  Eocene  and  Miocene  plants  which  have  been  made  in  the 
West  contain  different  species,  and  those  from  Bridgeton  are 
either  rare  or  entirely  wanting  in  them.  As  a  whole  the  flora 
is  more  nearly  comparable  with  that  of  certain  European  Upp>er 
Miocene  localities,  and  we  may  regard  it  as  that  which  immedi- 
ately preceded  the  close  of  the  Tertiary  period,  and  this  conclu- 
sion is  emphasized  by  the  well-recognized  fact  that  in  Europe 
biologic  evolution  was  in  advance  of  America,  so  that  the 
European  Eocene  flora  is  largely  comparable  with  the  American 
Miocene,  European  Miocene  with  American  Pliocene,  and 
European  Pliocene  with  the  American  living  flora. 

On  the  whole  I  am  inclined  to  consider  it  as  more  recent  in 
age  than  that  of  any  other  recognized  Tertiary-  horizon  in  Amer- 
ica, but  final  conclusions  in  regard  to  it  cannot  be  arrived  at  until 
a  number  of  species  collected  during  the  progress  of  this  investi- 
gation have  been  more  critically  examined. 

Quaternary  Period,  Towards  the  latter  part  of  the  Tertiary- 
period  an  era  of  elevation  began,  which  raised  the  northern  part 
of  the  North  American  continent  hundreds  of  feet  above  its 
former  level,  and  extended  the  shore-line  far  out  beyond  its 
former  or  its  present  position,  so  that  the  edge  of  the  continent 
was  about  where  we  now  fina  the  loo-fathom  contour  to  be,  form- 
ing a  broad  expanse  of  coastal  plain,  extending  out  to  this  line. 
It  was  apparently  the  period  of  maximum  land  area  for  this 
region. 

Up  to  this  time  in  the  world\s  history  we  have  reason  to  believe 


■The  results  of  preUminary  studies  of  this  flora  may  be  found  in  several  papers  by  the  writer,  as 
toHows : 

1.  "Palaeobouny  of  the  Yellow  Gravel  at  Bridgeton,  N.  J."  Bull.  Toney  Bot.  Club,  Vol.  XIX 
(189a),  p.  330. 

s.  "New  Species  of  Leguminous  Pods  from  the  Yellow  Gravel  at  Brtdgeton,  N.  J.**    IHd,  VoL 

xxni  (1896),  p.  46. 

3.  "  A  New  Fossil  Monocotyledon  from  the  Yellow  Gravel  at  Bridgeton,  N.  J."  Ihid,  Vol.  XXIV 
(1897),  p.  3a9- 

In  the  above-quoted  papers  may  also  be  fonnd  references  to  the  work  of  others  on  the  same  sttbjeci 
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that  there  were  no  such  extremes  of  climate  between  the  poles 
and  the  equator  as  prevail  to-day.  The  temperature  of  the 
earth's  surface  had  been  more  or  less  uniform  during  the  respect- 
ive periods,  as  evidenced  by  the  fact  that  rocks  of  the  same  age 
the  world  over,  wherever  they  have  been  examined,  contain  the 
remains  of  vegetation  which  are  identical  generically  and  even 
specifically  to  a  large  extent. 

The  elevation  which  began  in  the  Tertiary  period,  however, 
caused,  or  at  least  was  coincident  with,  the  greatest  changes, 
climatic  and  biologic,  which  are  anywhere  recorded  in  geologic 
history.  The  climate  became  gradually  more  and  more  severe 
at  the  north  and  finally  culminated  in  what  we  have  come  to 
call  the  Ice  Age  or  Glacial  Epoch  of  the  Quaternary  period. 

The  change  must  have  been  a  gradual  one,  extending  over  a 
long  period  of  time,  as  we  are  justified  in  concluding  from  the 
fact  that  the  vegetation  which  was  in  existence  at  the  time  when 
it  was  finally  overwhelmed  by  the  accumulation  of  ice  and  snow, 
which  extended  southward  in  New  Jersey  as  far  as  Perth  Amboy 
in  the  east  and  Belvidere  in  the  west,  was  identical  in  all  respects 
with  that  of  to-day.  In  other  words,  the  flora  of  the  Tertiary  period 
had  had  opportunity  to  become  modified  by  the  changing  con- 
ditions before  its  final  extennination  by  the  ice  sheet,  which  im- 
plies a  long  period  of  time.  Ever}'  species  thus  far  discovered 
in  the  bowlder  till,  in  the  glacial  sands  or  gravels,  or  in  buried 
swamp  deposits,  is  identical  with  some  living  species.  Some  of 
the  Tertiary  species  were  able  to  continue  their  existence  by 
migrating  southward,  and  these  are  in  existence  to-day,  but  such 
as  were  unable  to  migrate  from  the  area  of  glaciation  were  abso- 
lutely exterminated  and  only  such  species  as  were  able  to  exist 
under  the  changed  conditions  southward  were  able  to  re-establish 
themselves  after  the  final  recession  of  the  ice.  I  do  not  know  of 
remains  of  the  vegetation  of  this  period  having  beep  found  in 
New  Jersey,  and  such  as  have  been  found  elsewhere  are  scanty 
in  amount,  but  all  the  species  identified  are  the  same  as  those 
now  living. 

CONCLUDING   REMARKS. 

The  final  recession  of  the  ice  was  accompanied  by  a  sub- 
sidence of  the  land  and  a  consequent  restriction  in  its  area. 
The  shore-line  advanced  inland,  and  in  places  only  the  more 
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elevated  parts  of  the  coastal  plain,  where  the  morainal  debris 
was  heaped,  remained  above  water.  Such  portions  of  the 
former  plain  region  are  now  represented  by  Long  Island,  Block 
Island,  Martha's  Vineyard,  Nantucket  and  the  lesser  islands  in 
the  vicinity.  Several  minor  oscillations  of  level  occurred,  and 
finally  the  land  assumed  the  contour  and  topography  of  to-day. 

At  the  present  time,  so  far  as  New  Jersey  and  vicinity  are 
concerned,  a  slow  subsidence  is  recognized  as  taking  place, 
which  amounts  to  about  two  feet  in  a  centur>\  This  rate  of 
subsidence,  while  very  slow  compared  with  the  activity  of 
human  events,  is  probably  but  little  different  from  that  which 
produced  such  far-reaching  changes  in  the  past.  Indeed,  its 
effects  have  been  appreciable  within  historic  time,  and  we  have 
but  to  consider  the  cumulative  effects  which  such  a  rate  of  sub- 
sidence will  cause  in  time  in  order  to  appreciate  that  great 
changes,  topographic  and  biologic,  will  be  wrought  in  the 
future.  Surveys  have  shown  that  the  coast-line  has  advanced 
inland  hundreds  of  feet  in  many  localities  since  the  land  was 
first  occupied  by  the  whites.  Old  meadow-turf  and  tree  stumps 
are  to  be  seen  in  the  ocean-bottom  far  out  beyond  the  present 
shore,  and  what  was  once  upland,  capable  of  cultivation,  has 
become  converted  into  marshes. 

Bearing  all  these  facts  in  mind,  it  is  certainly  pertinent  for  us 
to  speculate  on  what  the  ultimate  result  may  be,  provided  the 
present  conditions  continue.  Manifestly  the  flora  which  occu- 
pies the  coast  region  will  continue  to  have  its  habitat  more  and 
more  restricted  in  area  and  will  be  driven  more  and  more 
towards  the  tension  zone,  where  the  struggle  for  existence  with 
its  more  highly  organized  neighbors  will  be  fiercer.  The 
history'  of  evolution  in  the  vegetable  kingdom  has  shown  con- 
clusively that  the  gymnospenns  represent  a  waning  type  and 
that  the  angiosperms  have  been  steadily  crowding  them  out. 
The  former  have  decreased  in  numbers  and  in  size,  and  in  anv 
competition  for  the  occupancy  of  a  region  at  all  favorable  for 
the  angiosperms  these  latter  are  sure  to  prevail. 

The  general  trend  of  events  may  be  foreshadowed  from  what 
we  liave  s^en  has  taken  place  in  tlie  past,  in  the  gradual  waning 
of  the  more  primitive  gynnniosperm  type  and  the  coincident 
ascension  of  the  more  highly  organized  angiosperm  type.     The 
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former  now  exists  largely  under  barren-soil  conditions  towards 
the  south,  or  under  severe  climatic  conditions  in  the  far  north, 
not  apparently  by  reason  of  these  conditions  being  directly 
favorable  for  them,  but,  at  least  in  part,  for  the  reason  that  they 
are  unfavorable  for  the  angiosperms,  which  have  crowded  them 
out  from  the  most  desirable  locations.  The  conclusion,  therefore, 
seems  to  be  inevitable  that  the  flora  of  the  coniferous  zone  is 
destined  to  be  ultimatelv  obliterated,  or  only  to  exist  over  limited 
areas,  often  for  the  negative  reason  that  in  such  areas  the  condi- 
tions may  not  be  favorable  for  other  types  of  vegetation.  The 
influence  of  man  may  produce  temporary  changes  and  give  tem- 
porary' advantage  from  time  to  time,  but  such  changes  are 
entirely  artificial  and  cannot  prevail  in  the  long  run  over  the 
constant  and  inevitable  progress  of  physical  and  organic  evolu- 
tion. 


PART  in. 


The  Role  of  Insects  in  the  Forest* 


By  JOHN  B.  SMITH, 

State  Entomologfist. 
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The  Role  of  Insects  in  the  Forest* 


By  JOHN  B.  SMITH,  Sc.D. 


That  a  giant  of  the  forest,  one  that  has  resisted  the  storms  of 
a  century,  should  succumb  to  the  attacks  of  an  insect,  countless 
millions  of  which  would  be  required  to  equal  it  in  bulk,  seems 
almost  absurd  ;  yet  it  is  nevertheless  true,  though  not,  as  a  rule, 
quite  so  literally  as  it  reads.  Most  of  our  forest  trees  support 
an  immense  insect  population  without  showing  any  ill  effects. 
Nearly  500  species  are  known  to  feed  on  the  species  of  oak,  and 
nearly  200  on  the  species  of  pine,  in  the  United  States.  Given 
a  perfectly  healthy  tree,  it  will  bring  to  maturity  a  host  of 
feeders  upon  its  foliage,  upon  the  smaller  shoots,  in  the  injured 
or  broken  twigs  or  branches,  in  its  fruit,  and  even  in  its  woody 
tissue.  Comparatively  few  borers  or  other  insects  are  able  to 
maintain  themselves  in  the  growing  wood  of  large  healthy  trees, 
and  when  these  occur  in  moderate  numbers  they  inflict  only 
such  wounds  as  are  easily  healed,  corresponding  to  mere 
scratches  in  the  human  skin.  Under  some  conditions  these 
insects  increase  abnormally,  and  then  thousands  of  acres  of 
timber  may  be  killed  off.  As  the  bleeding  from  many  small 
scratches  may  drain  the  human  body  of  blood  when  they  are 
kept  constantly  open,  so  the  boring  of  thousands  of  beetles, 
insignificant  individually,  may  weaken  even  the  forest  giant ; 
and  when  this  occurs,  when  there  is  no  longer  a  healthy,  resist- 
ant tissue,  then  another  host  of  other  species  steps  in,  adds  to 
the  injur}',  and  paves  the  way  for  yet  further  annies  that  com- 
plete the  work,  leaving  only  a  dead  stick  with  bare  branches, 
sooner  or  later  prostrated  by  a  storm,  and  then  slowly  reduced 
to  dust  by  yet  other  agencies,  insect,  fungous,  or  microbic  in 
character. 

Of  the  feeders  upon  foliage  in  its  broad  sense,  some,  like  cater- 
pillars, feed  openly  and  simply  upon  the  leaf  tissue,  destroy  and 
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convert  a  certain  amount  of  it  into  caterpillar  tissue,  and  their 
work  is  done.  Little  impress  is  left  upon  the  tree  under  ordinary- 
conditions,  or  unless  the  feeding  numbers  are  excessive.  Even 
if  one  of  the  large  species  defoliates  a  branch,  this  is  not  serious 
except  on  conifers,  which,  on  the  whole,  suffer  less  from  attacks 
of  this  kind. 

The  larvae  of  saw-flies  are  also  feeders  upon  forest-tree  foliage^ 
and  these  sometimes  do  local  injury.  Saw-flies  are  Hymenoptera, 
i,  ^.,  they  belong  with  the  bees,  wasps  and  ants  in  structure  ;  but 
they  differ  by  having  the  abdomen  closely  joined  to  the  body,  not 
connected  with  it  by  a  slender  waist.  Saw-fly  larv^se  resemble 
caterpillars  in  shape  and  appearance ;  but  have  at  least  i8  legs, 
instead  of  i6,  as  in  tnie  caterpillars.  They  have  a  tendency  to 
feed  in  colonies  and  often  curl  up  the  end  of  the  body  when  feed- 
ing at  the  edge  of  a  leaf.  A  black-spotted  species  occurs  on  pine, 
sometimes  in  such  numbers  as  to  attract  attention  and  defoliate 
even  large  branches.  Small  or  ornamental  trees  in  parks  are 
sometimes  killed  or  severely  injured  ;  but  on  larger  trees  a  dead 
twig  or  small  branch  is  the  extent  of  the  mischief  caused. 

Some  of  these  larvae  are  covered  with  a  white  po^vder\'  bloom, 
and  at  least  one  species,  occurring  on  willow,  becomes  of  con- 
siderable size,  reaching  an  inch  and  a  half  in  length  when 
extended  at  full  length.  It  is  pale  yellowish  in  general  color, 
with  a  whitish,  small  head  and  a  black  stripe  down  the  back, 
making  it  easily  recognizable  and  a  fair  sample  of  this  kind  of 
larva  except  in  size. 

On  tlie  hickory  and  butternut  other  species  occur  that  are 
known  as  **  woolly  worms,'^  because  of  the  masses  of  fine  waxen 
threads  that  cover  the  body  and  give  it  a  fluff*y  appearance. 

Yet  other  species  are  gall-makers,  causing  blister  or  marble- 
like  excrescenses  on  leaves,  stems  or  twigs,  in  the  center  of  which 
the  larvae  feed.  Willows  and  poplars  are  especially  subject  to 
this  kind  of  attack. 

Among  the  caterpillars,  besides  those  that  eat  of  the  leaf»tissiie 
directly,  many  are  leaf  miners,  eating  between  the  upper  and 
lower  surfaces,  sometimes  irregular  blotches,  sometimes  galleries 
of  definite  fonn,  each  species  having  a  constant  and  character- 
istic type.  A  few  others  make  little  cases  or  sacks,  in  which 
they  live  and  which  they  carry  about  with  them.     Many  are  leaf- 
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rollers,  folding  or  rolling  the  entire  or  part  of  a  leaf  into  a 
cylinder,  in  which  they  feed  under  shelter.  Yet  others  live  in 
colonies  and  spin  np  a  mniiber  of  leaves  or  even  an  entire  branch. 
The  well  known  web-wonns  and  tent  caterpillars  will  readily 
occur  to  all,  and  wide-spread  injur\-  is  sometimes  done  by  one  or 
both.  The  forest  tent  caterpillar  has  defoliated  acres  of  forest 
land  in  New  York  State  during  the  season  of  1899,  and  has 
opened  the  way  for  yet  more  serious  injury  in  1900.  Less  known 
is  another  species  that  attacks  young  trees,  often  enveloping  one 
of  4  or  5  feet  completely.  When  this  occurs  the  death  of  the 
young  tree  often  follows,  the  growth  being  smothered  where 
not  actually  eaten. 


DiT.  Ent.  U.  S,  Dipi.  All. 


Numerous  "gnibs,"  or  beetle  larvte,  live  on  the  leaves  of 
forest  trees,  often  in  very  large  numbers,  and  these  also  may  be 
open  feeders,  leaf  miners  or  sac  bearers ;  but  they  rarely  become 
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as  destructive  as  the  Lepidopterous  and  Hynienopterous  lar\-se 
already  mentioned. 

Galls  made  bj-  saw-fly  larvae  have  been  already  mentioned ; 
but  they  are  in  the  minority  when  compared  with  those  made 
by  others  of  the  same  order  Hj'menoptera,  the  Cynipidte  or  true 
gall  wasps.  These  galls  may  appear  on  almost  any  part  of  the 
tree  when  yonng ;  bnt,  when  older,  trunks  and  larger  branches 
are  exempt :  and  they  are  as  diverse  as  the  places  they  attack. 
Oaks  are  fa\'orite  subjects,  but  other  trees  are  by  no  means 
free  from  them. 

On  the  leaves  the  galls  are  usually  more  or  less  spherical  or 
marble-like,  but  they  differ  much  in  size  and  texture,  being 
sometimes  quite  solid  with  thick  walls,  sometimes  filled    with 


loose  tissue  and  with  a  thin  paper-like  covering.  Some  are 
small  and  some  are  large,  but  that  fact  does  not  indicate  the 
size  of  the  larva  that  causes  the  gall.  Two  of  the  largest  species 
occurring  on  oak  exceed  an  inch  iu  diameter  and  are  filled,  in 
the  one  case  with  a  brown  spongy  mass,  in  the  other  with  thread- 
like fibres  radiating  from  the  center  in  all  directions  to  the  outer 
wall. 

On  the  twigs  and  branches  the  galls  may  be  also  marble-like 
in  appearance  or  they  may  be  mere  swellings  or  other  protuber- 
ances. One  of  the  largest  and  most  common  forms  occurs  as  a 
potato-like  swelling  on  the  trunks  and  branches  of  young  and 
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twigs  of  older  trees.  It  is  fully  i  %  inches  in  diameter  as  a  rule, 
and  sometimes  considerably  more.  Through  the  outer  envelope 
comes,  in  due  time,  a  series  of  pointed  processes  which  are,  each 
of  them,  lar\^al  cells :  in  other  words,  instead  of  the  gall  being 
produced  by  and  containing  only  a  single  larva,  some  50  to  100 
have  combined  to  form  the  larger  swelling,  in  which  each  larva 
has  a  separate  cell. 

In  some  cases  the  very  tips  of  the  shoots  become  swollen  and 
distorted,  so  that  the  gall  is  really  a  malformation  of  the  shoot 
itself ;  or  there  may  be  a  cluster  of  soft  ovoid  growths  so  close 
together  as  to  press  themselves  out  of  shape  and  produce  a  series 
of  irregular,  more  or  less  transversely  flattened  blisters. 

More  rarely  galls  occur  on  the  roots,  and  these  are  usually 
irregular,  lumpy  swellings. 

But  not  the  Hymenoptera  alone  produce  galls :  quite  a  num- 
ber of  Diptera,  or  flies,  belonging  to  the  family  Cecidoviyidce 
produce  abnonnal  growths  on  leaves  or  twigs.  One  species 
attacks  the  base  of  the  leaves  of  pines  and  causes  an  abnonnal 
onion-like  swelling  at  that  point ;  quite  a  number  are  found 
making  galls  on  the  hackberry,  while  the  willow  is  especially 
favored  by  them  :  all  sorts  of  abnonnal  growths  being  produced, 
from  little  swellings  to  small  cabbage-heads. 

A  few  of  the  beetles  are  gall-makers — some  on  pine,  like 
Podapiofi  gallicola^  others  on  deciduous  trees — and  these  galls 
are  usually  mere  swellings  on  the  twigs  or  branches,  in  which 
the  larvae  feed. 

Phylloxera  galls  are  common  on  hickories,  and  it  is  not  an 
uncommon  thing  to  see  a  young  tree  with  the  leaves  covered 
w^th  the  large  blister-like  galls  which  are  open  inferiorly.  If 
one  of  these  galls  be  cut  open,  the  inner  surface  will  be  foimd 
so  crowded  with  the  insects  that  the}'  can  scarcely  find  room  to 
insert  their  beaks  to  obtain  food. 

Plant-lice,  belonging  to  the  same  order  as  the  Phylloxera^  also 
produce  more  or  less  obvious  gall-like  growths,  and  the  elm  is 
a  favorite  tree  for  their  attack.  Sometimes  there  is  a  mere 
curling  and  distortion  of  the  leaf,  like  that  caused  by  Schiz- 
oneura  americatia^  but  often  a  real  swelling,  like  the  cocks-comb 
gall  made  by  Colopha  iilmicola^  is  produced. 

It  seems,  thus,  that  most  of  the  orders  of  insects  outside  of  the 
Neuropterous  series  contain  gall-makers,  and  all  of  them  are,  of 
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course,  some  sort  of  draft  upon  the  tree.  The  least  drain,  per- 
haps, is  made  by  the  gall  wasps,  or  Cy7iipidce^  where  the  larvae 
seem  to  feed  chiefly  upon  a  secretion  in  the  central  cell  and  not 
upon  the  gall  tissue  itself. 

Plant-lice  have  been  mentioned  as  gall-makers,  but  they  occur 
also  in  great  numbers,  living  freely  upon  the  leaves  or  succulent 
growing  shoots.  No  kind  of  tree  is  free  from  one  or  more 
species  of  these  pests,  and  no  sort  of  insect  makes  a  more  con- 
tinuous drain  upon  the  vitality  of  the  attacked  plant.  Individu- 
ally insignificant,  their  numbers  make  them  dangerous,  and 
their  habit  of  excreting  the  plant  juices  in  the  form  of  "  honey- 
dew  ''  gives  them  the  power  of  disposing  of  their  food  material 
more  rapidly  and  in  greater  quantity  than  any  other  kind  of 
insect.  And  they  attack  all  parts  of  a  tree :  not  only  are  they 
abundant  among  the  foliage  and  branches,  but  even  under- 
ground among  the  roots,  and  the  latter  are  among  the  more 
serious  fonns.  Of  course,  seasons  affect  the  number  of  species 
and  specimens  of  a  species,  to  a  very  large  extent.  In  wet 
seasons  one  set  will  become .  troublesome ;  in  a  dry  season 
another  will  be  in  evidence  while  the  former  can  scarcely  main- 
tain itself.  And  so  of  the  trees :  in  some  seasons  plant-lice 
attack  will  be  serious ;  in  the  ensuing,  scarcely  a  trace  of  aphid 
injury  may  be  found  in  the  district. 

Scale  insects  belong  to  the  same  general  category  as  the  plant 
lice  in  so  far  as  they  are  suckers  of  the  plant  juices,  but  they 
are  more  dangerous  because  their  attack  is  more  continuous^ 
because  they  are  less  exposed  to  adverse  climatic  conditions, 
and,  perhaps,  because  some,  at  least,  do  exercise  a  really  poison- 
ous influence  upon  the  plants.  Soft  scales  are  comparatively 
rare  in  the  forest,  and  only  the  Tulip  tree,  Liriodendron  Tulipi-- 
fera^  is  seriously  attacked  in  New  Jersey.  Of  the  armored  scales 
the  oyster-shell  bark-louse,  Mytilaspis  species,  is  sometimes 
seriously  destructive  in  the  more  northern  sections  on  the 
wahiut  and  butternut  trees.  Willow  and  poplar,  which  are  also 
attacked,  seem  to  stand  the  injur)-  Ix^tter.  The  nut  trees' are  of 
conijiaratively  slow  growth,  and  when  the  twigs  or  smaller 
branches  Ix^conie  thorough!)'  encrusted  with  scales,  death  is  onlv 
a  matter  of  time,  usuallv  a  short  time. 
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enter  healthy  wood,  in  which,  while  they  may  not  be  able  to 
breed,  they  may  be  able  to  set  up  a  condition  of  afTairs  that  ^nll 
aflFord  a  proper  home  for  a  subsequent  horde. 

Meanwhile,  further  from  the  injury,  but  affected  by  it  be- 
cause of  a  lessening  or  interruption  of  the  flow  of  sap,  flat- 
headed  borers  have  gained  a  foot-hold.  They  have  begun 
to  fonn  shallow  chambers  in  the  sap  wood,  in  which  they  live 
one,  two  or  three  years,  constantly  enlarging  their  field  of 
operations  and  driving  galleries  that  further  interrupt  the  flow 
of  sap  until  they  are  ready  to  pupate.  Then  they  bore  a  short 
distance  into  the  trunk,  lie  donnant  in  the  pupal  stage  for  a 
shorter  or  longer  period  and  finally  emerge  as  adults,  ready  to 
reproduce  their  kind,  preferring  the  tree  they  themselves  fed 
upon  for  purposes  of  oviposition,  if  it  is  at  all  suitable.  As  a 
result  dozens  of  galleries  replace  the  few,  water  gains  further 
entrance  here  and  there  and  cavities  beneath  the  bark  become 
obvious.  These  afford  shelter  to  a  large  series  of  species  that  do 
not  directly  injure  the  tree,  but  by  bringing  in  excrementitious 
matter  favor  the  development  of  decay  genns.  Fermentation 
sets  in,  and  a  host  of  flies  and  sap  beetles  are  on  hand  at  once  to 
further  the  disintegration  of  wood  fibre.  Finally  a  sheet  of  bark 
becomes  loosened  and  falls;  then  come  another  lot  of  borers 
into  the  heart-wood  :  Scolytidsor  shot-hole  borers,  round-headed 
borers,  boring  caterpillars,  goat-moths  or  Sessiids,  and  in  some 
instances  ants  or  Tennites,  though  these  usually  come  when 
the  fate  of  the  tree  is  finally  sealed. 

Of  course,  the  progress  of  the  insect  attack  is  slow  or  rapid, 
in  proportion  to  the  extent  of  the  original  injury.  If  the  injurj* 
was  at  all  extensive,  as  a  scorching  of  one  side  for  several  feet, 
two  or  three  years  will  suffice  to  doom  the  tree  and  place  it  in 
control  of  the  scavengers  whose  duty  it  is  to  reduce  it  to  dust. 
If  it  was  limited,  several  years  may  be  required,  assuming  that 
the  tree  does  not  succeed  in  scarring  over  the  original  wound. 

As  the  trunk  Ix^comcs  the  object  of  primary  attack  when  the 
injury  starts  there,  the  effect  on  the  crown  may  not  be  immedi- 
ately noticeable.  But  any  serious  interruption  to  the  flow  of  sap 
is  bound  to  have  an  effect  on  the  area  that  should  be  supplied 
through  the  injured  tract,  and  at  once  the  insects  mark  the 
weakness.     Twig  lx>rers  enter  at  the  tips  and  kill  the  young 
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Pine  needles  are  attacked  by  a  white  scale,  Mytilaspis  pinifolia^ 
that  is  responsible  for  disfiguring  and  considerably  injuring  trees 
in  some  parts  of  South  Jersey. 

There  are,  of  course,  numerous  species  other  than  have  been 
mentioned ;  it  is  possible  to  indicate  here  only  some  of  the  prin- 
cipal types  that  may  be  commonly  found  feeding  or  living  on 
the  foliage  and  more  actively  growing  portions  of  trees. 

But  the  real  enemies  of  the  forest  are  not  usuallv  those  that 
outwardly  attack  a  healthy  tree,  though  these  do  their  share  of 
hann ;  but  the  forms  that  lie  in  wait  for  the  weakling,  the 
maimed  and  the  cripple,  depriving  them  of  the  chance  of 
recovery. 

This  is  especially  true  in  a  State  like  New  Jersey,  where  the 
forest  areas  frequently  suffer  from  fires,  large  or  small,  from 
cattle,  from  careless  cutting  and  from  numerous  other  causes 
not  found  in  primitive  forest  areas. 

Send  through  a  strip  of  woodland  a  fire  that  burns  only  the 
leaves  and  undergrowth,  and  does  no  more  than  scorch  the 
trunk  or  kill  an  occasional  branch,  and  watch  the  result.  In  a 
few  weeks  or  months  thereafter,  according  to  the  season,  the 
undergrowth  is  renewed,  and,  superficially,  the  signs  of  injury 
have  disappeared.  Yet  if  we  examine  the  trees  themselves 
more  carefully,  we  read  another  tale  :  wherever  the  bark  has 
been  scorched  and  killed,  wherever  a  branch  has  been  burnt, 
wherever  twigs  have  been  charred  or  deprived  of  life,  and,  in 
short,  wherever  a  wound  of  any  kind  has  been  made,  there  we 
find  that  borers  have  entered.  Little  piles  of  sawdust  at  the 
base  of  the  tree  attract  our  attention,  and  if  we  trace  them  to 
their  source  we  find  little  round  holes,  the  size  of  a  pin-head  or 
thereabouts.  These  go  through  the  bark  and  either  into  the 
solid  wood  or  into  the  bast  or  sap-wood. 

The  culprits  are  ^^ shot-hole  borers,''  ''bark-beetles,''  or  Scoly- 
tids — little  cvlindrical  beetles  varvin^;  from  less  than  one-six- 
teenth  to  an  eighth  of  an  inch  in  diameter  and  from  one- 
sixteenth  to  three-sixteenths  of  an  inch  in  length.  Their  work 
below  the  bark  and  into  the  wood  gi\'es  entrance  to  moisture 
and  germs  of  decay  that  weaken  a  larger  area,  in  which  the 
next  brood  finds  a  congenial  home ;  and,  coming  out  in  num- 
bers that  cannot  all  find  entirelv  suitable  areas,  thev  attack  and 
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enter  healthy  wood,  in  which,  while  they  may  not  be  able  to 
breed,  they  may  be  able  to  set  up  a  condition  of  afTairs  that  will 
afford  a  proper  home  for  a  subsequent  horde. 

Meanwhile,  further  from  the  injur}',  but  affected  by  it  be- 
cause of  a  lessening  or  interruption  of  the  flow  of  sap,  flat- 
headed  borers  have  gained  a  foot-hold.  They  have  begun 
to  form  shallow  chambers  in  the  sap  wood,  in  which  they  live 
one,  two  or  three  years,  constantly  enlarging  their  field  of 
operations  and  driving  galleries  that  further  interrupt  the  flow 
of  sap  until  they  are  ready  to  pupate.  Then  they  bore  a  short 
distance  into  the  trunk,  lie  donnant  in  the  pupal  stage  for  a 
shorter  or  longer  period  and  finally  emerge  as  adults,  ready  to 
reproduce  their  kind,  preferring  the  tree  they  themselves  fed 
upon  for  purposes  of  oviposition,  if  it  is  at  all  suitable.  As  a 
result  dozens  of  galleries  replace  the  few,  water  gains  further 
entrance  here  and  there  and  cavities  beneath  the  bark  become 
obvious.  These  afford  shelter  to  a  large  series  of  species  that  do 
not  directly  injure  the  tree,  but  by  bringing  in  excrementitious 
matter  favor  the  development  of  decay  germs.  Fermentation 
sets  in,  and  a  host  of  flies  and  sap  beetles  are  on  hand  at  once  to 
further  the  disintegration  of  wood  fibre.  Finally  a  sheet  of  bark 
becomes  loosened  and  falls;  then  come  another  lot  of  borers 
into  the  heart-wood  :  Scolytids  or  shot-hole  borers,  round-headed 
borers,  boring  caterpillars,  goat-moths  or  Sessiids,  and  in  some 
instances  ants  or  Termites,  though  these  usually  come  when 
the  fate  of  the  tree  is  finally  sealed. 

Of  course,  the  progress  of  the  insect  attack  is  slow  or  rapid, 
in  proportion  to  the  extent  of  the  original  injury.  If  the  injury 
was  at  all  extensive,  as  a  scorching  of  one  side  for  several  feet, 
two  or  three  years  will  suffice  to  doom  the  tree  and  place  it  in 
control  of  the  scavengers  whose  duty  it  is  to  reduce  it  to  dust. 
If  it  was  limited,  several  years  may  be  required,  assuming  that 
the  tree  does  not  succeed  in  scarring  over  the  original  wound. 

As  the  trunk  becomes  the  object  of  primary  attack  when  the 
injury  starts  there,  the  effect  on  the  crown  may  not  be  immedi- 
ately noticeable.  But  any  serious  interruption  to  the  flow  of  sap 
is  bound  to  have  an  effect  on  the  area  that  should  be  supplied 
through  the  injured  tract,  and  at  once  the  insects  mark  the 
weakness.     Twig  borers  enter  at  the  tips  and  kill  the  young 
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shoots,  or  they  ma\-  bore  in  at  the  base  of  the  new  growth,  caus- 
ing it  to  wilt ;  girdlers  find  the  branches  attracti\e,  and  a  great 
variety  of  creatures,  chiefly  beetles  and  flies,  with  a  few  Hymen- 
opterons  species,  perbaps.  continue  the  attack  from  abo\-e. 


1^ 


Now  comes  another  factor— ^tbe  womJjx^cker  and  its  allies,  that 
make  war  upon  the  liorers.  They  peck  and  hammer  away  at 
infested  spots,  and  many  a  fat  Ixirer  falls  prey  to  their  acti\4tv 
and  indust^^■,  but  wherever  they  haul  out  a  specimen  they  leave 
a  hole,  and  that  is,  too  often,  an  entrance  point  for  the  water, 
that,  after  all,  is  as  mucb  to  be  dreaded  in  the  tree  as  it  is  useful 
when  it  tvacfaes  the  roots  through  the  soil. 
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Thousands  of  oaks  in  South  Jersey,  four  to  eight  inches  in 
diameter,  are  "  doated "  and  useless  except  for  short  posts  or 
firewood  because  of  the  well-meant  efforts  of  woodpeckers  to 
clear  the  tree  of  borers. 

In  this  case  the  boring  insect  is  the  larva  of  the  "  goat  moth," 
Prionoxystus  robiiiuc,  and   this  makes  a  gallerj-  about    three- 


sixteenths  of  an  inch  in  diameter  as  nearly  as  possible  in  the 
center  of  the  trunk.  Our  woodpecker  locates  this  larva  with 
great  exactness  and  drills  a  hole  two  to  four  inches  deep,  alxiut 
one  and  a-lialf  inches  s<jnare  at  the  surface,  and  tapering  to  the 
diameter  of  the  burrow.     In  mcsl  ca,>;es  he  gets  his  Iar\-a  at  the 
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first  effort ;  but  failure  is  not  infrequent,  and  as  many  as  four 
such  holes  may  be  drilled  into  a  small  tree  from  different  sides 
before  the  grub  is  finally  landed.  A  tree  so  treated  is  spoiled 
for  all  purposes  save  the  wood-pile.  It  may  recover,  yet  it  will 
never  completely  outgrow  the  injur}'  done — not  by  the  larva, 
but  by  the  bird. 

The  **  goat  moth/'  by  the  by,  deserves  more  than  a  mere  pass- 
ing notice,  because  of  the  real  injury  done,  not  so  much  to  the 
tree,  as  such,  as  to  the  timber  that  it  should  make.  The 
insect  derives  its  popular  name  from  its  peculiarly  pungent 
and  unpleasant  odor,  which  is  most  intense  in  the  pupal  stage, 
and  is,  perhaps,  protective.  The  moths  are  large,  expanding 
from  two  to  four  inches,  the  wings  more  parchment-like  in 
appearance  than  usual  in  this  order,  and  the  body  in  form  some- 
what like  the  hawk  moths.  They  do  not  feed,  fly  chiefly  at  dusk 
or  in  the  night,  and  are  rarely  seen  even  when  the  larvse 
are  abundant.  Eggs  are  laid  in  some  wound,  preferably  the  very 
spot  where  a  moth  has  already  emerged,  and  the  young  cater- 
pillars start  from  that  point.  A  tree  once  infested,  therefore, 
is  likely  to  remain  so,  and  at  the  point  of  entrance  quite  a 
decided  swelling  usually  fonns,  in  which  is  a  more  or  less  obvi- 
ous scarred  opening.  The  caterpillars  are  white  or  with  a  pink- 
ish tinge,  just  a  little  flattened,  with  rather  prominent  black 
warts  or  tubercles,  each  of  which  bear  stiff",  bristly  hairs.  The 
head  is  large,  brown,  and  with  prominent  jaws.  When  full- 
grown  they  are  fully  two  inches  in  length,  and  early  in  the  third 
year  the  pupa  is  formed  in  the  gallery,  near  the  surface,  and 
preferably  at  just  about  the  point  where  the  entrance  was 
effected.  The  borer  is  no  great  feeder,  considering  its  size  and 
length  of  life ;  its  burrow  rarely  exceeding  six  or  eight  inches 
in  length,  of  equal  diameter  throughout,  so  that  the  larva  may 
move  from  one  part  to  the  other  at  all  times.  A  young  borer 
entering  one  of  these  old  burrows  may  continue  it  upwardly,  or 
may  start  a  lateral  from  it,  cur\'ing  upward  soon  after  he  gets 
well  away  from  the  old  one,  and  so  a  series  of  galleries  may  start 
from  the  one  point  of  entrance,  each  year  adding  a  little  to  the 
sum  of  injury  and  detracting  as  much  from  the  value  of  the 
timber.  Since  thev  do  not  reallv  interfere  with  the  nourish- 
ment  of  the  tree,  thev  are  not  likelv  at  anv  time  to  cause  its 
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death,  and  I  have  seen  examples  where  all  external  wounds 
were  healed  over  years  since,  yet  whose  history  of  prior  infesta- 
tion was  plainly  to  be  read  when  the  trunk  was  split,  the  old 
burrows  found  and  the  gnarled  and  twisted  tissue  of  the  old 
entrance  laid  bare.  These  defects  are  never  repaired,  and  a 
burrow  once  made  in  the  heart-wood  of  oak  is  there  for  all  time. 
Trees  of  this  kind  should  be  selected  for  firewood  or  for  such 
purposes  as  they  are  suitable,  and  the  sections  containing  the 
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lar\-se  should  be  used  not  later  than  June  ist,  to  prevent  the 
emergence  of  the  motlre.  The  cutting  should  be  done,  of  course, 
in  winter. 

Scrub  land  is  peculiarly  subject  to  insect  injury  when  even  a 
small  fire  has  been  through  it.  There  are  hundreds  of  acres  of 
oak  bnish  in  Soiith  Jersey,  and  each  year  some  portions  are 
more  or  less  scorched.  The  season  following,  almost  ever\'  one 
of  the  shoots  or  saplings  will  be  infested  by  round-headed  borers 
of  the  genus  Elaphitiion,  commonly  known  as  "oak-pmners," 
Their  nonnal  habit  is  to  bore  into  oak  twigs  or  branches  until 
they  are  full-grown,  then  to  cut  the  twig  from  the  inside  until  it 
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is  held  by  a  mere  film  of  bark  that  will  break  in  the  first  high 
wind,  carrying  the  borer  to  the  ground  in  a  shelter  that  remains 
unchanged  during  the  remainder  of  its  larval  and  pupal  life. 
In  the  injured  oak-shoots  the  larvae  find  ideal  conditions  for 
their  development,  and  they  seem  to  realize  that  here  there  is 
no  necessity  for  girdling,  because  they  make  not  the  least  attempt 
in  that  direction.  These  borers  remain  in  the  trees  one  year 
only,  and  after  that  the  wood  is  no  longer  in  the  right  condition 
for  them  ;  they  leave  it  for  others  that  delight  in  dead  wood,  and 
of  these  there  is  no  lack.  There  is  another  consequence,  how- 
ever :  where  so  many  beetles  develop  they  are  hard  put  to  it  to 
find  a  place  to  breed,  therefore  they  attack  many  trees  that  would, 
under  ordinary  circumstances,  escape.  Hence  apple  trees  are 
frequently  attacked  and  sometimes  seriously  injured,  and  large 
shade  trees  in  parks  and  gardens  are  subjected  to  a  merciless 
priming. 

I  think  I  have  indicated  sufficientlv  that  the  natural  tendencv 
under  nonnal  forest  condition  is  to  eliminate  the  weakling  and 
the  cripple,  and  that  insects  are  among  the  chief  agencies  by 
means  of  which  this  is  accomplished.  The  hosts  of  species  that 
feed  upon  or  in  the  foliage  are  comparatively  of  little  importance 
unless  they  strip  the  trees.  This  sometimes  happens,  and  then 
the  proper  conditions  may  be  induced  that  result  in  a  successful 
borer  attack. 

These  borers  are  of  three  kinds,  the  bark  or  shot-hole  borers, 
Scolytids ;  the  flat  and  the  round-headed  borers,  Buprestids  and 
Cerambycids  respectively  ;  all  of  which  have  been  already  men- 
tioned. 

The  Scolytids  are  generally  divisible  into  those  that  make  gal- 
leries under  the  bark  and  those  that  work  in  the  solid  wood. 
The  work  of  the  former  is  most  obvious,  and  their  galleries, 
radiating  from  a  single  central  channel,  are  obvious  when  a  flake 
of  bark  is  removed.  Their  method  of  causing  injury-  is  equally 
obvious ;  boring  as  they  do  between  bark  and  wood,  and  partly 
in  each,  they  interrupt  the  flow  of  sap,  and  when  many  of  them 
are  present,  in  effect,  girdle  the  tree.  These  borers  rarely  attack 
healthy  trees ;  but  it  does  not  need  much  to  give  them  a  foot- 
hold. Trees  in  parks,  without  proper  supply  of  nourishment  or 
in  sod,  on  land  too  well  drained,  are  often  attacked  and  killed 
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when  to  all  appearance  they  are  sound  as  a  dollar ;  and. this  may 
be  so,  too,  where  woodland  has  been  too  thoroughly  opened  up  or 
where  natural  water-courses  have  been  diverted  and  the  usual 
supply  of  moisture  has  been  either  decreased  or  added  to  abnor- 
mally. When  once  these  beetles  have  secured  a  good  foothold 
the  tree  is  doomed,  and  good  forestry'  practice  is  to  take  it  out 
and  use  it  up  immediately. 

Almost  ever}^  species  of  bark-beetle  makes  a  gallery  peculiar 
to  it,  so  that  to  one  familiar  with  their  habits  a  look  at  their 
work  tells  the  species  even  if  no  adult  insect  is  available  for 
examination.  Yet  there  are  certain  features  that  most  of  them 
have  in  common  ;  usually  the  female  parent  bores  into  a  proper 
tree,  through  the  bark  to  the  sap  wood,  and  in  the  layer  betw^eeu 
bark  and  trunk,  though  mostly  in  the  bark,  a  vertical  channel 
or  burrow  is  made.  A  series  of  small  chambers  are  nicked  out  at 
each  side  of  this  channel  and  in  each  of  them  an  egg  is  laid. 
The  larva,  when  hatched,  at  once  starts  a  channel  or  burrow  of 
its  own,  narrow  and  thread-like  at  first,  but  becoming  larger  as 
the  grubs  increase  in  size  and  each  channel  diverging  from  all 
the  others  so  that  they  rarely  cross.  The  pupa  is  formed  at  the 
end  of  this  larval  gallery  in  a  little  cell  eaten  out  for  that  pur- 
pose, and  the  adults  come  out  through  little  round  holes  bored 
bv  them  when  fullv  matured. 

In  some  cases  the  central  gallery  is  even  throughout ;  some- 
times there  is  an  enlargement  or  an  oblique  spur  at  one  or  both 
ends,  or  a  chamber  somewhere  in  its  course  in  which  the  parent 
can  turnaround  if  it  so  desires. 

Of  this  type  is  the  Hickory  bark-beetle  that  at  Glen  Ridge, 
New  Jersey,  killed  off  so  many  trees  a  few  years  ago.  (See 
Figure  4. ) 

The  Scolvtids  boring:  in  the  solid  wood  are  usuallv  called 
shot-hole  borers,  because  of  the  size  of  the  hole  and  because  the 
edges  are  generally  blackened  as  by  fire.  The  work  of  these 
beetles  is  not  so  obvious,  nor  is  their  ill  effect  so  immediately 
visible  as  in  the  case  of  tlie  previous  type,  yet  they  are  always 
ready  to  do  their  share  when  the  proper  conditions  arrive. 

The  typical  shot-hole  1)orers  differ  altogether  in  many  respects 
from  the  bark-]x)ring  type.  Their  galleries  go  variable  dis- 
tances in  the  solid  wood,  then  laterals  no  larger  or  longer  than  the 
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beetle  itself  are  driven,  and  in  these  the  larv'ie  develop.     They 
do  not  lay  so  many  egg;s  as  the  bark  borers,  but  multiply  rapidh' 


rigure  8, — Giani  borctt,  frumut  Iptckl ;  tur*,  pup*  and  ulnll  nilnril  Mi*     Tnax  RUcy. 
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enough  for  practical  purposes.  A  very  striking  character  in 
some  species  is  that,  while  they  really  bore  into  the  wood,  yet 
the  larv^se  have  to  be  fed  by  a  peculiar  fungous  growth  known 
as  Ambrosia,  All  the  real  boring  is  done  by  the  adults,  and  the 
galleries  once  seeded  down  to  Ambrosia  are  inhabited  by  succes- 
sive broods  of  species,  the  dark  staining  in  the  wood  resulting 
as  much  from  the  fungus  as  from  the  work  of  the  beetles.  On 
small  trees  a  number  of  these  beetles  working  at  or  near  the 
same  place  may  so  weaken  the  trunk  that  it  will  break  in  the 
first  high  wind  that  comes  along. 

Other  species  seem  to  prefer  the  very  center  of  twigs,  boring 
out  the  minute  core  in  oaks  and  using  the  galleries  thus  made 
as  a  winter  shelter. 

The  round-headed  borers  are  more  or  less  cylindrical,  white 
or  yellowish  grubs,  the  segments  usually  very  well  marked,  and 
the  'Miead/*  or  anterior  portion,  considerably  enlarged  or 
swollen.  These  forms  frequently  attack  living  wood,  and  bore, 
usually,  in  the  solid  tissue,  though  some  may  burrow,  for  a  time 
at  least,  beneath  the  bark  or  in  the  bast.  To  this  series  belong 
the  '*oak  pruners,''  the  **twig  girdlers,''  the  *'bark  slipp)ers*' 
(concerning  which  more  will  be  said  hereafter),  the  *'  giant  root- 
borers,''  and  a  variety  of  other  pests.  The  adults  are  Longi- 
corns,  or  long-horned  beetles,  and  all  are  feeders  in  woody  or 
stem  tissue  in  the  lar\^al  stage.  As  adults  they  are  not  injurious, 
and  are  apt  to  be  found  on  flowers,  though  some  species  are  dis- 
tinctly rare  even  when  their  larvse  are  not  imcommon.  Thus 
oak  sprouts  are  attacked  at  the  base  by  a  borer  which  kills  a 
large  percentage  of  them  each  year,  and  this  borer  is  not  at  all 
rare ;  but  the  beetle.  Goes  tcsscllatus^  may  be  sought  for  years 
before  even  a  single  example  will  be  captured. 

As  an  example  of  the  injury  done  by  these  longicorn  borers, 
that  attacking  the  locust  may  be  cited.  There  is  scarcely  a 
localitv  in  the  State  where  these  trees  are  not  rendered  utterlv 
worthless  by  the  attacks  of  these  insects,  and,  while  the  trees 
may  live  under  the  attack  for  years,  they  are  never  good  for  any- 
thing. And  this  leads  me  to  call  attention  to  another  point : 
the  longicorn  borers  arc  mostly  wood  feeders,  and  when  thev 
attack  healthy  trees,  as  many  of  them  do,  they  lx)re  at  once  into 
the  trunk  or  the  bodv  of  the  branch.     If  thev  work  in  the  bast 
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or  sap-wood  at  all,  it  is  for  a  short  time  only  in  the  early  stages 
of  growth.  The  tree  derives  its  chief  supply  of  nourishment 
through  this  bast  and  sap-wood,  which  is  scarcely  at  all  injured 
by  these  larvae,  hence  they  may  work  for  many  years  without 
causing  fatal  results,  if  they  are  alone  in  their  attacks.  The 
Scolytid  borers  working  the  sap-wood  or  bast  interfere  at  once 
.with  the  nourishment  of  the  tree,  and  the  results  are  immedi- 
ately noticeable.  The  result  of  this  difference  from  a  practical 
standpoint  is  that  a  tree  killed  by  Scolytids  may  make  fair  tim- 
ber ;  one  that  has  been  long  infested  by  longicorn  borers  will  be 
worth  little  or  nothing,  though  the  insects  may  not  have  killed 
the  tree.  The  function  of  other  of  these  borers  attacking  dead 
or  dying  wood  will  be  again  referred  to. 

Flat-headed  borers  resemble  the  round-headed  forms  in  general 
shape,  but  are  compressed  and  flattened,  the  ^*  head ''  segments 
comparatively  broader  and  the  body  somewhat  longer,  so  that 
they  have  been  called  ^'  hammer  heads.''  These  borers  in  the 
main  attack  weak,  sickly  or  dead  trees,  though  one  group,  the 
Agrilids,  fonns  an  important  exception.  They  live  chiefly  just 
under  the  bark  or  in  the  sap-wood,  fonning  irregular  shallow 
chambers  connected  by  short,  irregular  galleries.  Some  of  them 
live  two  or  three  years  in  the  lar\'al  stage,  and,  before  trans- 
forming, bore  a  short  distance  into  the  wood  to  form  a  pupal 
chamber,  issuing  later  through  a  hole  in  the  bark,  as  do  the 
longicoms.  It  is  easy  to  detennine  at  all  times  whether  a  tree 
has  been  infested  by  round  or  flat-headed  borers,  for  in  the  first 
instance  the  exit  hole  is  as  round  as  if  it  had  been  bored  bv  an 
auger,  while  in  the  latter  it  is  regularly  oval.  The  flat-headed 
borers  come  with  or  after  the  Scolytids,  rarely  before,  and  when 
the  two  are  together  present  the  flat-headed  grubs  often  extend 
their  chambers  throughout  an  entire  galler}*  system  of  a  bark 
beetle,  destroying  everything  in  their  way. 

The  adults  of  these  borers  are  Bupi^estids^  for  whom  there  is 
no  satisfactory  common  name.  They  are  long  and  narrow,  some- 
what flattened,  tapering  posteriorly,  ver}'  hard  in  texture  and 
generally  metallic  in  color.  Some  of  them  are  bright  green,  or 
brilliantly  copper  gilt,  but  most  of  them  are  more  soberly  bronzed 
or  have  a  metallic  green  or  blue  reflection. 

The  species  of  Agrihis  are  the  smallest  of  the  series,  rarely 
more  than  one-quarter  of  an  inch  long,  very  slender  and  always 
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bronzed.  Their  larvae  are  similar  to  those  already  described,  but 
attack  healthy  plants,  and,  instead  of  excavating  chambers,  make 
long  winding  burrows,  often  completely  girdling  small  branches 
and  causing  injury  altogether  out  of  proportion  to  their  size. 
This  reference  to  size  also  brings  to  mind  the  further  fact  that 
the  larva  in  this  case  is  excessively  large  in  proportion  to  the 
size  of  the  adult,  an  inch  and  a-half  borer  making  a  one-quarter-r 
inch  beetle.  They  are  called  sinuate  borers,  from  the  character 
of  their  burrows,  and  chestnuts  are  frequent  victims,  some  forms 
also  attacking  orchard  and  small  fruits. 

Besides  the  Coleopterous  borers  just  described,  there  are  several 
boring  caterpillars  that  may  be  always  distinguished  by  havnng 
eight  pairs  of  more  or  less  developed  legs.  They  bore  in  the 
solid  wood  as  a  rule,  and  rarely  in  sufficient  numbers  to  cause 
actual  injur}'.  Their  chief  danger  lies  in  the  fact  that  they  open 
the  way  for  the  other  species  that  endanger  the  tree  itself. 

The  goat  moth,  coming  of  the  largest  of  these  caterpillars,  has 
been  already  mentioned.  The  others  belong  chiefly  to  the  clear- 
winged  moths  of  the  family  Sesiidce,  The  caterpillars  are  more 
cylindrical  than  those  of  the  larger  species,  and  the  head  is  usu- 
ally black  ;  otherwise  they  are  very  similar.  The  pupa  is  quite 
generally  provided  with  a  more  or  less  developed  chisel-like  pro- 
cess to  the  head,  by  means  of  which  it  cuts  its  way  through  the 
bark.  It  wriggles  through  the  opening  so  made  until  it  projects 
half  its  length  beyond  the  tree,  being  held  in  place  by  the  rings 
of  spinules  and  pointed  processes  with  which  the  segments  are 
set.  The  moths  are  usually  black,  marked  with  yellow,  more  or 
less  resembling  a  wasp  or  hornet,  and  the  wrings  are  also  narrow 
and  transparent,  to  heighten  the  illusion.  These  borers  are  in 
many  of  the  forest  trees  and  occur  in  all  parts — quite  as  often  in 
the  roots  as  elsewhere.  In  some  cases  city  shade  trees  become 
the  victims  and  the  maple  is  particularly  susceptible  to  attack. 

Heretofore  I  have  spoken  of  the  species  that  attack  the 
healthy,  sickly  or  injured  tree  to  cause  its  death,  and  this  is  one 
important  way  in  which  injury  is  caused  to  forests.  Another 
kind  of  injury  conies  in  when  for  any  reason  timber  is  killed 
purposely  or  dies  standing,  before  being  made  into  lumber.  A 
dead  tree  is  a  carcass  to  be  removed,  and  dozens  of  species  and 
thousands  of  specimens  begin  work  at  once,  the  borers  of  course 
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doing  the  main  work  at  the  beginning  and  opening  the  way  for 
decay  and  the  species  that  further  it.  Species  of  all  sizes  will 
bore  little  holes,  most  of  which  blacken  or  discolor,  and  lessen 
the  value  of  the  boards  into  which  the  trunk  niav  be  cut.  Then 
the  larger  galleries  prevent  its  use  for  that  purpose  altogether. 
After  the  larger  borers  have  made  a  good  start,  ants  come  in 
and  occupy  their  galleries,  extending  and  connecting  them  for 
their  own  guests  and  other  messmates,  which,  though  they  do 
not  directly  feed  upon  the  wood,  yet  open  up  new  points  for 
decay.  Termites,  or  so-called  white  ants,  come  along  and  work 
at  the  surface  or  underground,  and  these  are  destructive  when 
once  started.  They  are  typical  wood-feeders,  and  their  colonies 
contain  countless  numbers,  reducing  a  tree  to  a  mass  of  galleries 
in  an  astonishingly  short  time.  When  once  these  insects  have 
made  a  fair  start  in  a  tnmk,  its  value  as  timber  is  gone.  In 
fact,  it  may  be  said  that  from  the  time  life  has  ceased,  standing 
timber  deteriorates  continually  and  ever  more  rapidly,  primarily 
as  the  result  of  insect-attack. 

If  a  load  of  cord-wood  be  cut  in  winter  and  piled,  it  makes  an 
excellent  collecting-ground  the  year  following.  From  the  time 
that  spring  is  fairly  open,  beetles,  flies,  many  Hymenoptera  and 
some  visitors  of  other  orders  flit  about  it,  some  seeking  food  or 
shelter  merely,  others  a  suitable  point  for  breeding.  In  mid- 
June  it  will  be  a  busy  scene  during  the  warm  sunny  hours,  and 
all  seasons  new  forms  keep  coming.  During  the  latter  part  of 
the  winter  following  it  will  be  noted  that  much  of  the  bark  on 
the  sticks  comes  off*  easily,  and  in  the  following  spring  it  can  be 
lifted  off"  readily  from  the  majority  of  them.  Examination  will 
show  that  the  tissue  between  bark  and  wood  has  been  com- 
pletely eaten  Out  by  a  series  of  larv^se  which  are  called  by  the 
woodmen  in  some  localities  '^  bark-slippers.''  They  are  round 
and  flat-headed  borers,  though  the  former  predominate,  and  are 
mostly  members  of  the  genus  Phymatodes^  all  of  whose  species 
have  similar  habits.  Beneath  this  loose  bark  w^e  find  secondarv 
species :  members  of  the  order  Thysantira^  spring-tails  mostly, 
that  occur  wherever  there  is  moist,  decaying  or  fennenting  veg- 
etation of  any  kind.  With  these,  and  probably  preying  upon 
them,  are  the  little  pseudo-scorpions,  or  Chelifera,  which  may 
be  found  in  all  stages  in  early  summer.     Centipedes  and  milli- 
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pedes,  the  predatory  and  vegetarian  types,  find  here  both  shelter 
and  food,  while  sow-bugs  (Oht'scus)  are  found  in  the  lower  tiers. 

The  bark  slippers,  when  they  have  attained  their  fnll  size,  eat 
a  .short  distance  into  the  wood  to  fonn  a  pupal  chamber,  whose 
entrance  they  phig  up  with  shavings  until  they  have  reached 
the  adult  stage.  Where  tan-bark  is  made,  these  same  species 
sometimes  do  considerable  mischief,  boring  in  the  bark  itself  or 
between  the  layers,  lessening  its  value  and  occasionally  ruining 
it  where  left  out-doors  too  long. 

No  wood  can  be  too  hard,  too  dry  or  too  dead  to  secure  it 
against  borer  attack,  though  it.s  condition  may  often  retard  their 


development.  I^arvie  that  live  in  concealment  and  grow  slowlv, 
requiring  two  or  three  years  to  reach  a  stage  which  other  insects 
attain  in  as  many  months,  may,  under  favorable  condition.s,  have 
their  development  greatly  retarded.  Logs  may  be  cut  up  into 
boards,  made  into  furniture,  and  come  into  daily  use  without 
harming  the  contained  Ixirers,  some  of  which  have  lived  for 
nioru  than  a  decade  under  .snch  conditions. 

In  March,  1898,  the  yellow-piuc  wain.scoting  of  a  building  in 
Somerville  was  found  to  Ix;  filled  with  round-headed  borers.  It 
had  been  in  place  five  years,  and,  when  disco\ered,  the  insects 
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had  bored  out  almost  the  entire  center  of  each  board,  leaving 
only  a  mere  shell.  Of  course  the  whole  work  had  to  be  removed, 
and  I  secured  some  specimens,  intending  to  raise  the  species  to 
maturity ;  but,  in  October,  1899,  the  larvae  are  yet  unchanged 
and  manifest  no  apparent  desire  to  get  into  the  pupal  stage. 
This  case  demonstrates  both  the  longevity  of  the  insects  and  the 
damage  caused  by  them. 

A  somewhat  different  case  occurred  in  Jersey  City,  where  hard- 
wood timber  had  been  made  into  paneling.  The  wood  seemed 
in  fair  condition  ;  part  of  it  was  veneered  and  all  of  it  was  filled, 
heavily  varnished  and  polished.  In  the  spring  of  1898  the 
owner  was  astonished  to  find  the  little  powder  post  beetle, 
Lyctus  striatus^  emerging  in  great  numbers,  leaving  their  small 
exit  holes  ever^'where  in  such  quantity  as  to  utterly  ruin  the 
appearance  of  his  trimming.  The  larvae,  in  their  early  stages, 
had  not  been  noticed  when  the  material  was  worked  up,  and 
had  developed  normally  after  the  woodwork  was  finally  in  place. 
It  is  diflScult  to  cover  wood  so  as  to  prevent  beetles  from  coming 
otit^  but  as  a  rule  the  insects  need  a  recognizable  surface  for 
entrance  and  will  rarely  enter  a  varnished  or  painted  board  or 
post.  Indeed,  even  lime  will  answer  as  an  outdoor  preservative, 
very  few  insects  caring  to  bite  into  or  even  to  come  to  rest  on  it. 
The  latter,  however,  may  be  due  to  the  fact  that  they  are  too 
conspicuous  on  such  a  white  surface  for  their  own  safety. 

A  fallen  tree  or  log  left  to  lie  in  the  forest  first  becomes  a  prey 
to  bark  slippers,  as  in  the  case  of  the  cord-wood ;  but  the  bark 
remains  in  place  and  furnishes  shelter  to  the  host  that  is  work- 
ing beneath  it.  Click-beetles,  and  their  larvae,  the  wood-feeding 
wire-wonns,  come  in,  as  do  also  the  grubs  of  some  of  the  weevils. 
These  make  surface  burrows  only,  but  in  the  heart-wood  are  the 
giant  borers,  both  round  and  flat  head,  that  make  galleries  nearly 
one-quarter  of  an  inch  in  diameter.  These  attain  a  length  of 
from  2  to  3  inches,  and  the  resulting  adults  are  the  largest  of 
their  kind.  The  round-headed  borer  makes  a  species  of  Prionus^ 
a  stout  black,  long-horned  beetle  about  i^  inches  long  and  half 
an  inch  in  width  across  the  shoulders.  It  is  one  of  the  species 
of  slow  growth  and  requires  three  years  to  come  to  maturity. 
Examples  are  most  frequent  in  pine  logs,  living  in  the  "  fat,'' 
which  without  their  assistance  would  resist  decay  indefinitely. 

15   FOR 
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The  wire-worms  do  not,  as  a  rule,  enter  a  tree  or  log  until 
germs  of  decay  are  present,  and  they  are  not  borers  in  the  real 
sense  of  the  word,  except  in  soft  or  dry  rot.  The  smaller  species 
as  a  rule  remain  close  under  the  bark  and  do  not  get  into  the 
body  of  the  tree  at  all ;  but  the  larger  species  may  be  found 
wherever  the  tissue  is  soft  enough  to  be  penetrated  by  them. 

The  largest  of  all  is  about  i  Yz  inches  long  and  produces  what 
is  known  as  the  eyed  Elater,  Alaus  ocularis.  It  is  over  an  inch 
long,  loose  jointed,  gray  and  black  speckled,  the  thorax  with 
two  very  large  eye-like  black  spots,  one  on  each  side,  which 
attract  attention  whenever  the  insect  is  seen  and  make  it  easilv 
recognizable. 

The  hammer-heads  make  a  species  of  Chalcophora  about  an 
inch  in  length,  not  over  one-fourth  of  an  inch  broad  at  the 
shoulders,  tapering  posteriorly,  somewhat  flattened  above  and 
more  or  less  bronzed  in  color.  These  borers  are  not  so  long 
lived  as  the  longicorn  larvae,  and  I  know  of  no  instance  of  their 
remaining  in  the  larval  state  so  many  years  under  adverse  con- 
ditions. 

When  water  enters  and  decay  has  actually  begun,  another 
series  of  larvae  comes  in — the  *'  white  grubs.'^  White  grubs  are 
cylindrical,  fat  creatures,  almost  always  curled  up  in  a  ring^ 
with  yellow  or  brown  head,  large,  powerful  jaws  or  mandibles, 
six  well-developed  brown  legs  and  a  ver\'  blunt  posterior 
extremity.  The  creatures  are  clumsy  in  appearance  and  help- 
less when  taken  out  of  their  burrows,  their  small  fore  bodv 
being  incapable  of  properly  supporting  and  balancing  the 
clumsy,  food-distended  hind  body.  From  the  largest  of  these 
white  grubs,  distinguished  by  its  ivor\'-like  color  and  texture, 
comes  our  stag  beetle,  Lucanus  dama^  also  known  as  the  '*  pinch- 
ing bug,**  because  of  the  prominent  mandibles  of  the  male. 

Gnawing  at  the  roots  of  the  stumps  are  others  of  these  large 
grubs,  from  which  come  the  **  Rhinoceros  beetles,"  so  called 
because  of  the  long  horn  on  the  front  of  the  head,  and  others 
without  a  common  name,  species  of  Strategus^  with  horn-like 
processes  on  the  thorax — formidable  creatures  all  of  them,  in 
appearance,  but  actually  harmless.  It  is  not  often  that  these 
insects  are  seen  l)y  the  uninitiated,  but  they  are,  nevertheless, 
present,    and    are    sometimes    quite    numerous   in   the    Pines. 
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Exactly  how  much  liarm  they  do  is  perhaps  a  question.  Their 
life  histor>'  is  not  well  known,  and  just  how  much  living  tissue 
the  larva  requires  to  bring  it  to  the  pupal  stage  is  yet  to  be 
ascertained.  It  is  reasonably  certain,  however,  that  they  require 
two  or  more  years  to  reach  maturity,  and  that  their  presence 
alone  does  not  indicate  any  serious  danger  to  the  trees. 

There  are  other  of  these  large  grubs,  feeding  in  decaying 
stumps,  like  the  species  of  Osmoderma^  black  or  brown  in  color, 
broad  and  a  little  flattened,  with  a  peculiar,  somewhat  leathery 
odor,  only  a  feeble  indication  of  the  intensely  disagreeable 
effluvia  of  the  giant  Dynastes  of  the  more  southern  States, 
which  appears  in  New  Jersey  only  as  a  very  occasional  visitor. 

Smaller  white  grubs  are  nibbling  away  at  the  edges,  so  to 
speak,  near  the  .exposed  ends  of  the  log  or  trunk,  leaving  a 
little  dry  crust  between  themselves  and  the  outer  air.  These 
are  species  of  Valgus  and  allies,  which,  though  they  be  common 
enough,  are  rarely  seen  except  by  the  entomologist.  When 
decay  has  proceeded  well  along,  and  the  log  has  become  unfit 
for  most  other  species,  the  larva  of  Passalus  comes  along  and 
does  the  finishing  work. 

This  is  also  a  white  grub,  grows  to  be  almost  two  inches  long, 
and  differs  from  the  others  by  having  four  legs  only.  The 
beetle  is  oblong,  black,  an  inch  and  a  quarter  or  more  in  length, 
somewhat  flattened  and  with  a  little  curved  horn  on  the  head, 
whence  it  derives  its  specific  name,  coniutiis.  When  this  insect 
gets  through  with  a  log  or  stump,  it  can  be  kicked  to  pieces 
without  much  effort,  and  of  real  wood  fibre  little  is  left  beside 
the  shell. 

Stumps  are  in  the  same  category'  with  fallen  trees  and  logs, 
the  same  general  types  of  insects  attacking  them  and  causing 
their  reduction  to  dust.  Stumps,  however,  are  more  likely  to 
be  invaded  by  Termites,  and  when  these  take  possession  nothing 
else  will  be  found.  Ants,  particularly  the  black  and  brown  car- 
penter ants,  are  found  in  logs  before  they  are  much  advanced  in 
decay. 

In  this  superficial  sketch  only  the  more  prominent  types  of 
insects  concerned  in  forest  injury  or  in  reducing  a  dead  tree  to 
vegetable  mould  have  been  mentioned,  those  forms  chiefly  that 
any  one  with  a  little  ability  in  observing  can  find  without  much 
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trouble.  The  numerous  types  of  Rove  beetles,  sap  beetles, 
fungus  beetles,  &c.,  that  are  always  found  on  dead  and  dying 
wood  have  not  been  even  mentioned. 

A  fallen  tree  in  the  second  season  on  the  ground  will  occupy 
an  entomologist  an  entire  day  in  its  exploration,  and  insects  in 
some  stage  will  be  found  in  all  parts  of  it ;  and  each  year  brings 
different  fonns,  adapted  to  live  under  the  changed  conditions 
until,  when  the  woody  mass  can  be  crumbled  between  the 
fingers,  the  minute  little  Scydmcenids  and  Pselaphids  are  sifted 
out  over  a  cloth. 

There  is  another  set  of  insects  that  may  have  the  eflfect  of 
crippling  or  distorting  a  tree,  as,  for  instance,  the  white  pine 
weevil.  This  attacks  the  leading  shoots  of  pine,  fir  and  spruce, 
the  larva  boring  into  them  and  forming  large, cavities.  When, 
as  is  usually  the  case,  a  number  of  the  grubs  are  found  in  one 
shoot,  it  withers  up  and  dies,  leaving  the  plant  to  send  out  a  new 
leader  from  another  point.  That,  of  course,  destroys  the 
symmetry  of  the  tree,  and  a  cripple  results,  of  no  value  for 
ornamental  purposes  in  a  park  and  of  little  use  for  timber,  should 
that  stage  be  ever  reached,  for,  once  the  victim  of  an  attack  of 
this  kind,  the  tree  seems  predisposed  to  further  injur>'  of  the 
same  character,  so  that  several  leaders  may  be  killed  and  the 
tree  transformed  into  a  mass  of  forks. 

Another  weevil  larva  attacks  willow  in  much  the  same  wav, 
save  that  the  infestation  is  more  general,  no  "leading''  shoots 
occurring  in  this  tree.  In  fact,  quite  a  number  of  weevil  lar\'ae 
bore  into  twigs  or  branches  or  live  beneath  bark,  causing  local 
trouble,  rather  than  general  effect  on  the  plant  attacked. 

The  larvae  of  weevils  are  somewhat  like  white  grubs  in  shape, 
but  much  smaller,  not  so  much  cur\^ed,  without  the  peculiarly 
rounded  anal  segment  and  without  legs.  The  grubs  found  in 
chestnuts,  hickory  nuts  and  acorns  belong  to  this  tribe,  and  give 
a  good  idea  of  the  general  appearance  of  curculio  lar\-ae. 

It  cannot  be  insisted  too  strongly  that  there  is  an  insect  host 
constantly  on  the  watch  to  reduce  to  dust  ever\-  tree  that  shows 
the  least  trace  of  flagging  vitality,  just  as  there  is  always  ready  a 
group  of  seedlings  ready  to  take  part  in  the  struggle  for  the  place 
vacated  by  a  dead  tree.  It  is  indeed  a  continuous  battle,  not  onlv 
between  plant  and  plant,  but  between  plant  and  insect,  and,  in 
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the  long  run,  under  normal  conditions,  both  thrive.  Both  have 
their  hard  times  and  seasons  of  distress,  and  when  one  is  up  the 
other  is  down  ;  but  both  maintain  themselves.  The  object  of  the 
forester  is  to  give  his  trees  a  little  the  advantage,  to  enable  even 
the  one  low  in  vitality  to  make  good  its  position,  and  to  keep  the 
wood  product  at  the  best  and  highest  market  value.  To  go  into 
details  is  obviously  impossible  here,  but  some  few  suggestions 
can  be  given  that  will  be  useful  where  any  attention  at  all  is 
paid  to  woodland. 

The  first  and  most  important  feature  is  what  corresponds  to 
clean  culture  in  the  orchard  and  field ;  /.  ^.,  the  removal  of  all 
undergrowth  and  other  material  that  would  in  any  way  interfere 
with  the  growth  of  the  trees.  This  is  often  a  matter  of  consid- 
erable importance  where  the  soil  is  poor  and  the  trees  need  all 
the  advantage  that  they  can  get  in  the  way  of  securing  nourish- 
ment. It  gives  a  better,  healthier  growth,  offering  no  encourage- 
ment to  insect  attack,  while  the  removal  of  the  undergrowth 
deprives  many  forms  of  a  shelter  from  which  they  await  their 
chance  to  get  at  the  trees. 

It  has  a  further  direct  advantage  in  that  it  removes  altogether 
certain  fonns  that  attack  the  forest  trees  in  one  stage  only. 
Thus  a  species  of  Ptinid  beetle  lives  in  the  larval  state  in  the 
roots  of  green  or  cat  brier  or  in  dead  grape,  the  adults  boring 
into  the  twigs  of  trees  to  obtain  food  and  for  shelter.  The 
destruction  of  these  briers  removes  one  source  of  injury. 

Freedom  from  undergrowth  will  facilitate  other  operations, 
in  case  of  any  unusual  insect  attack  on  the  foliage.  Complete 
defoliation  by  insects  should  be  prevented  at  any  reasonable 
cost,  and  it  is  rarely  indeed  that  in  our  latitude  this  is  threatened. 
Complete  defoliation  at  any  time  means  almost  certain  death  to 
conifers ;  deciduous  trees  are  not  much  injured  by  it,  provided 
the  terminal  buds  are  not  destroyed.  They  may  be  somewhat 
checked  in  growth  and  may  in  case  of  a  drought  ripen  up  pre- 
maturely, and  have  but  a  weakly  growth  the  year  following ; 
but  under  ordinary  circumstances,  if  defoliation  takes  place 
before  midsummer,  a  new  crop  of  leaves  is  produced  in  a  short 
time. 

Under  the  same  general  head  of  clean  culture  comes  also  the 
removal  of  dead  and  dying  trees,  and  this  is  another  ver>^  import- 
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ant  measure.  It  has  been  already  shown  how  great  an  attraction 
is  a  dying  tree  to  boring  insects,  hence,  as  soon  as  it  is  dis- 
covered that  a  tree  has  become  thoroughly  infested,  that  tree 
should  be  at  once  cut  out,  removed  and  used  up  in  some  way,  or 
if  it  cannot  be  at  once  used  the  bark  should  be  stripped  so  as  to 
expose  the  wood  to  the  weather.  This  method  will  kill  all 
insects  which  do  not  flourish  in  dry  wood,  and  will,, of  course, 
prevent  further  breeding.  The  importance  of  this  is  not  in  the 
mere  destruction  of  the  insects  in  the  one  tree,  but  in  the  pre- 
vention of  attack  on  the  others.  If  a  tree  so  infested  be  allowed 
to  mature  the  larvae  in  it,  the  resulting  adults  are  apt  to  tr>' 
other  trees  not  naturally  ready  for  them. 

So  a  tree  killed  by  girdling,  by  fire  or  in  any  other  way, 
should  be  cut  out  as  soon  as  may  be  to  save  the  lumber  in  the 
best  condition ;  the  longer  it  stands  the  more  holes  there  will 
be,  and,  of  course,  the  less  it  will  be  in  value. 

Cord-wood  made  from  live  trees,  in  winter,  should  not  be 
allowed  to  remain  in  the  wood  during  the  following  summer, 
because  in  it  so  many  insects  will  breed  that  may,  when  pressed, 
attack  standing  timber.  In  fact,  the  rule  should  be,  broadly,  to 
allow  no  dead  or  dying  wood  to  stand  or  lie  anywhere  about, 
and  the  cleaning-up  is  best  done  in  the  early  part  of  July,  when 
the  bulk  of  the  wood  borers  are  in  the  young  larval  stage. 

It  is  good  practice,  also,  to  girdle  a  poor  tree  now  and  then, 
to  attract  what  insects  there  may  be  about,  serving  thus  as  a  trap 
and  a  protection  to  the  other  trees.  This  girdling  should  be 
done  in  winter  for  one  set  of  insects,  and  in  spring,  after  the 
trees  are  in  full  leaf,  for  another.  Two  trees  thus  treated  will 
protect  a  considerable  area  of  forest,  and  they  should  be  cut  out 
and  destroyed  the  winter  following. 

Where  a  fire  has  been  through  any  part  of  the  wood,  everj- 
tree,  no  matter  how  large  or  how  small,  that  has  been  at  all 
scorched,  should  be  cut  out.  Such  trees  are  almost  certain  to 
attract  borers,  and  there  is  no  greater  ally  or  provider  of  insect 
food  than  this  same  fire.  No  shoot  is  so  small  that  it  cannot 
nourish  some  species,  and  to  the  entomologist  and  collector 
there  is  no  richer  ground  for  variety  of  species  or  number  of 
specimens  than  a  field  of  sprout-land  through  which  a  fire  has  run 
the  year  before.  Hence  such  land  should  always  be  completely 
cleared  for  the  protection  of  parts  yet  uninjured. 
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In  general,  birds  are  the  foresters'  friends,  and  should  be 
encouraged ;  but  I  am  not  so  sure  about  the  woodpeckers.  If 
there  be  no  dead  or  dying  trees  no  woodpeckers  are  needed  to 
destroy  larvae,  and  on  the  other  hand  there  is  little  likelihood 
that  any  will  remain  about  where  no  chance  for  food-supply 
exists. 

Frogs,  toads,  lizards  and  snakes  are  great  entomologists,  and 
destroy  vast  quantities  of  insects  without  in  turn  causing  injury. 
Lizards,  especially,  destroy  large  numbers  of  wood-feeders,  and 
should  be  encouraged. 

Sometimes  high  winds,  lightning  or  other  causes  injure  or 
kill  a  branch  or  break  it  without  harming  the  main  tree,  but 
leaving  perhaps  a  ragged  stump  in  case  of  breakage.  All  dead 
wood  of  this  kind  should  be  cut  out,  and  all  ragged  stumps  due 
to  breakage  should  be  properly  trimmed  off. 

Direct  insecticide  applications  are  rarely  practical  in  forest 
work,  though  in  parks^  where  the  trees  have  an  ornamental 
value,  they  may  become  desirable.  Against  borers  no  applica- 
tions can  be  made.  The  preventive  measures  already  mentioned 
will  suffice  for  them.  The  pruners  or  girdlers  may  be  checked 
by  systematically  gathering  and  burning  all  the  fallen  branches 
in  winter.  This  is  really  necessary  on  park  land  only,  for  the 
pruning  done  in  the  forest  under  normal  conditions  amounts  to 
nothing,  and  natural  enemies  prevent  too  great  an  increase  in 
the  species.  Isolated  trees  scattered  in  open  groves  are  much 
more  severely  injured,  and  in  such  cases  the  gathering  and  burn- 
ing of  the  pruned  branches  is  indicated. 

Where  leaf  feeders  really  endanger  the  tree  or  its  foliage, 
particularly  conifers,  arsenate  of  lead  will  prove  the  best  insecti- 
cide for  general  use,  because  of  its  harmlessness  to  foliage  of  all 
kinds. 

Arsenate  of  lead  is  made  by  dissolving  in  water,  in  separate 
vessels,  4  ounces  arsenate  of  soda  and  1 1  ounces  acetate  of  lead. 
The  amount  of  water  is  immaterial,  so  it  is  sufficient  to  com- 
pletely dissolve  the  chemicals.  When  the  solutions  are  com- 
plete, combine  the  two  and  add  water  to  make  80  gallons.  This 
will  kill  most  leaf-feeders  in  their  early  stages ;  but  if  the  larvae 
are  well  grown,  or  if  adult  beetles  are  to  be  dealt  with,  40 
gallons  will  be  enough  to  use. 
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As  to  spraying  inachiner>',  pumps,  nozzles,  &c.,  that  branch 
of  the  subject  will  be  found  treated  in  the  reports  and  bulletins 
of  the  Agricultural  College  Experiment  Station. 

A  very  important  method  in  European  forest  culture  is  band- 
ing with  "  Raupenleim  "  or  similar  sticky  mixture  impassible  to 
caterpillars.  This  is  employed  chiefly  against  the  lar\'ae  of  the 
Gypsy  moth  and  the  brown-tail  moth,  both  of  which  now  occur 
in  the  United  States,  but  have  not  yet  been  found  in  New 
Jersey.  At  the  present  time  there  is  no  species  against  which 
such  a  method  could  be  profitably  employed  in  our  forests,  and 
it,  as  well  as  the  allied  method  of  trapping  under  cloth  bands, 
requires  more  or  less  continuous  attention.  On  a  limited  area 
of  a  park-like  character  burlap  bands,  such  as  are  in  use  by  the 
Massachusetts  Gypsy  Moth  Committee,  may  prove  useful  as 
traps  to  many  kinds  of  leaf-feeding  forms  that  resort  to  it  for 
concealment  or  for  the  purpose  of  pupation. 

Such  bands  to  be  of  any  practical  use  must  be  examined  at 
least  once  a  week  for  the  purpose  of  destroying  what  insects 
may  be  hidden  there ;  hence  their  use  presupposes  a  tract 
suflBciently  valuable  to  justify  the  employment  of  some  person 
suflBciently  intelligent  to  exercise  some  discrimination  in 
killing. 

Finallv,  it  mav  not  be  amiss  to  sav  that  not  one-fourth  the 
damage  actually  caused  by  insects  in  our  New  Jersey  forests 
could  occur  did  not  fires,  great  or  small,  first  pave  the  way. 
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PART  IV. 
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Forcstal  G)nditions  and  Silvicultural  Pros- 
pects of  the  G)astal  Plain* 


L     General  Description* 


Although  small  in  area,  the  State  of  New  Jersey  is  very  varied 
in  nature.*  In  the  north  there  are  rough,  wooded  mountainous 
regions ;  in  the  central  portions  rich  farm  lands,  and  in  the  south 
vast  stretches  of  sandy  pine-lands.  The  average  value  of  im- 
proved land  in  New  Jersey  is  higher  than  that  of  any  other  State 
in  the  Union.  The  State  is  without  a  rival  in  reference  to  loca- 
tion and  transportation  facilities.  If  forestr}-  cannot  be  practised 
with  profit  in  this  region,  there  is  little  hope  for  it  elsewhere  in 
eastern  America. 

The  region  to  which  this  title  refers  is  located  in  the  south- 
eastern portion  of  the  State,  less  than  one  hour's  ride  by  train 
from  New  York  and  Philadelphia,  t  It  is  irregularly  triangular 
in  shape,  and  is  included  between  latitudes  40®  20'  and  38°  55', 
and  longitudes  74°  and  75°  30'.  J  It  is  the  northern  extremity  of  ^ 
the  Atlantic  Coastal  Plain,  which  extends  southward  in  vast 
stretches  of  sandy  pine  and  swamp-lands,  to  the  cocoanut  groves 
and  pine-apple  fields  of  Florida.  The  Coastal  Plain  of  New 
Jersey  is  bounded  on  the  southeast  by  the  Atlantic  Ocean,  on 
the  southwest  by  Delaware  Bay,  and  on  the  northwest  by  a  com- 
paratively thickly  populated  and  productive  agricultural  region. 
The  area  of  this  territory  is  about  2,500  square  miles,  at  least 

*  The  area  of  New  Jersey  ii  8,334  square  miles,  with  a  population  in  1895  of  1,679^^^2.  The  area  of  the 
Gnnd  Duchy  of  Baden,  an  important  forest  state  of  the  German  Empire,  is  5,821  square  miles,  with  a 
population  of  1,657,867.  It  is  considerably  smaller  than  the  Kingdom  of  Belgium,  which  contains  11,373 
aqnare  miles,  with  a  population  of  6,195,355. 

fThe  combined  population  of  adjacent  cities  amounts  to  more  than  fire  millions  ! 

I  This  region  lies  in  about  the  latitude  of  Naples,  Constantinople  and  Northern  Japan.  Althougji 
Sooth  Jersey  has  the  temperature  of  Northwestern  Europe,  it  enjoys  the  sunsliine  of  Italy. 
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seventy-five  per  cent,  of  which  is  woods.*  It  is  slightly  rolling 
in  nature,  seldom  exceeding  two  hundred  feet  above  the  level  of 
the  sea,  and  is  traversed  by  several  navigable  rivers  t  besides 
many  small  streams. 

The  climate  of  this  region,  although  close  to  the  ocean,  is,  in 
comparison  with  that  of  Western  Europe  and  the  Pacific  coasts 
dry.  Our  prevailing  winds  which  come  from  the  west  are  dr\\ 
During  the  hot,  dry  days  of  midsummer  even  wild  bushes  often 
die.  On  the  other  hand,  the  destnictive  effects  of  strong  ^'inds, 
frost  and  snow  press  are  very  slight. 

The  East  American  life  zones,  each  characterized  by  certain 
forms  of  life,  extend  westward  with  exceedingly  irregular  and 
broken  borders.  There  is  a  transition  belt  in  which  the  North 
and  the  South  more  or  less  overlap.  This  is  the  true  agri- 
cultural part  of  Eastern  North  America,  where  apples,  white 
potatoes,  barley  and  oats  attain  their  highest  development.  It 
is  where  the  oak,  hickory,  chestnut,  liquidamber,  white  cedar, 
etc.,  of  the  south,  meet  the  white  pine,  maple,  beech,  birch,  hem- 
lock, tamarack  and  arbor-vitae  of  the  north.  South  of  this 
transition  belt  begins  the  first  of  the  true  Southern  zones,  the 
Carolinian,  to  which  the  Coastal  Plain  of  New  Jersey  belongs.  J 

A  ver}'  large  percentage  of  the  Carolinian  life  zone  is  forestal. 
Owing  to  its  immense  size  and  to  the  nature  of  the  agricultural 
crops  which  it  produces,  and  for  which  there  is  only  a  limited 
demand,  a  large  proportion  of  this  zone  is  destined  to  remain  in 
forest  for  manv  vears  to  come.  The  Boreal  and  Austral  zones 
are  forestal,  the  Transition  zone  agricultural.  The  eastern  p)art 
of  the  Transition  zone,  from  the  Dakotas  to  the  sea,  although  at 

*The  term  "  forest  '*  is  seldom  used  by  woodmen.  Good  or  bad,  big  trees  or  boshes,  it  is  all  caltod 
"  woods,"  which  is  a  good  generic  name  for  such  nondescript  lands.  The  word  "  forst,"  from  wfai^ 
comes  "  torett,"  is  a  pure  Germanic  word.  From  the  earliest  times  it  has  been  appUed  however  to  woods 
which  have  been  protected  and  regulated. 

1 1 1  is  easy  to  secure  an  abundance  of  water  in  this  region,  which  is  a  very  important  fcatnrc  firom  a 
cultural  standpoint,     in  addition  to  many  streams,  a  natural  copious  flow  may  be  obtained  from 
wells,  so  that  in  places  irrigation  is  easy  and  practical. 


\  The  Coastal  Plain  of  New  Jersey  is  a  northern  extension  of  the  Carolinian  bdt  into  the 
Zone.  It  is  in  reality  a  pait  of  the  South  in  the  North,  and  as  Prof.  Merriam  says :  "  When  aiach  fat 
occupy  suitable  soils  in  thickly  inhabited  regions,  so  their  products  may  be  conveniently  marketed, 
axe  of  more  than  ordinary  value,  for  the  greater  the  distance  from  its  area  of  principal  prodoction  a  crop 
can  be  made  to  succeed,  the  higher  price  it  will  command.  Hence,  fsrms  favorably  situated  in 
proiongations  or  islands  of  southern  zones,  or  vice  versa,  should  be  worth  considerably  more 
than  those  situated  within  normal  parts  of  the  same  zones.  The  obvious  reason  is  that  by  growlii(  por< 
ticular  crops  at  points  remote  from  the  usual  sources  ol  supply,  and  at  the  same  time  conveiUently 
a  market,  the  cost  of  transportation  is  greatly  reduced  and  the  profit  correspondingly  increased  '* 
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present  agricultural,  was  formerly  the  great  white-pine  region 
of  North  America.  The  white  pine  of  the  Transition  zone  and 
the  short-leaf  pine  of  the  Carolinian  zone  meet  on  the  edge  of 
the  Coastal  Plain  of  New  Jersey. 

The  Carolinian  zone  is  characterized  by  the  short-leaf  pine 
{Pinus  echinatd)^  sassafras,  persimmon,  liquidamber,  magnolia, 
white  cedar  {Ckanuscyparts  thyoides)^  cardinal  bird,  opossum,* 
grape,  English  walnut,t  sweet  potato,  etc.  On  its  southern 
borders  the  long-leaf  pine  (P.  palustris)^  the  old-field  pine 
(P.  tcBda)X  the  bald  cypress  {Taxodium  distichiini)  and  the 
southern  magnolias  appear.  In  this  zone  §  the  white  cedar 
(C  thy  aides)  and  short-leaf  pine  (P.  echinatd)  reach  their 
optimum.  || 

Throughout  the  entire  mainland  of  the  Coastal  Plain  of  New 
Jersey  very  light  sandy  soils  predominate,  although  there  are 
many  beds  of  heavy  clay,  and  ridges  of  road-gravel,  also  sand 
and  clay  loams  and  vast  stretches  of  mucky  swamp-lands.  The 
higher  portions  of  the  upland  are  usually  gravelly,  the  interme- 
diate sandy,  and  the  lower,  loamy  and  clayey.  The  farther 
south  the  richer  the  soil  and  of  course  the  thriftier  the  forest 
growth.  The  gravel  is  yellow  and  consists  of  small  water-worn 
quartz  pebbles  mixed  with  sand  and  clay.     When  of  the  proper 

*The  oppoBSum  {Didtiphys  virginiana)^  about  which  so  much  has  been  written  because  of  its  mar- 
supial pouch  and  peculiar  habit  of  feigning  death,  is  arboreal  in  habit,  with  hand'like  feet  and  prehensile 
tail,  and  is  fond  of  the  fruits  of  the  persimmon  tree,  the  seeds  of  which  it  is  instrumental  in  distributing. 
It  is  highly  esteemed  as  fo«d,  especially  by  the  negroes  of  the  South. 

t  East  of  the  Rocky  mountains  the  Persian  walnut  has  been  most  successful  in  a  limited  area  along 
the  Atlantic  coast  from  New  York  southward  through  New  Jersey,  southeastern  Pennsylvania,  central 
Virginia,  North  Carolina  and  Georgia.  Farther  south  it  does  not  succeed,  owing  mainly  to  the  depre- 
dations cf  microscopic  worms,  which  cause  a  disease  commonly  known  as  "  root-knot." 

I  One  specimen  of  Pinut  tada  was  discovered  by  Mr.  Pinchot,  and  another  by  Mr.  Arihur  Hollick, 
in  Southern  New  Jersey.  The  region  of  the  Pokomoke  river,  on  the  peninsula  between  the  Delaware 
and  Chesapeake,  is,  as  far  as  I  have  been  able  to  observe,  the  most  northern  limit  of  the  natural  growth 
of  the  bald  cypress. 

{According  to  the  investigations  of  the  U.  S.  Biological  Survey  (see  **  L-iws  of  Temperature  Control 
of  the  Geographic  Distribution  of  Terrestrial  Animals  and  Plants,"  National  Geographic  Magazine,  Vol. 
VI,  December,  1894),  the  northward  distribution  of  terrestrial  animals  and  plants  is  governed  by  the  sum 
of  the  positive  temperatures  for  the  entire  season  of  growth  and  reproduction,  and  that  the  southward 
distribution  is  governed  by  the  mean  temperature  of  a  brief  period  during  the  hottest  part  of  the  year. 
According  to  Prof.  Merriam  the  species  of  the  Carolinian  belt  require  a  total  quantity  of  heat  of  at  least 
6.400°  C.  or  XI, 500°  F.,  but  apparently  cannot  endure  a  summer  temperature  the  mean  of  which  for  the 
•ix  hottest  consecutive  weeks  exceeds  a6<^  C.  or  78.8°  F.  The  northern  boundary  of  this  zone,  therefore, 
is  marked  by  the  isotherm  showing  a  sum  of  normal  positive  temperatures  of  6,4:0*^0.  or  11,500°  F., 
while  its  southern  boundary  agrees  very  closely  with  the  isotherm  of  36°  C.  or  78.8°  F.  for  the  six  hottest 
weeks.  The  minimum  temperature  was  assumed  to  be  6°  C.  or  43°  F.,  that  is,  the  point  where  meta- 
bolic processes  are  jnst  possible. 

I  By  optimum  is  meant  the  combination  of  conditions  that  produces  the  best  average  result. 
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mixture  and  consistency,  it  is  an  excellent  and  inexpensive  road 
material.  The  abundance  of  such  gravel  in  a  countr\-  where 
the  natural  roads  are  bad  is  a  fortunate  coincidence.  When 
sand  and  gravel  are  cemented  together  by  compounds  o{  iron,  as 
is  often  the  case,  a  durable  conglomerate  is  formed,  v,'hich  is  the 
principal  building-stone  of  the  region. 

The  sources  of  the  rivers  of   the  Coastal   Plain  are   on   its 
northwestern  edge.     The  land  slopes  gradually  to  the  sea.  and 
is   so   level    that    tide -water   penetrates   far   into   the    interior. 
Drainage  is  therefore  good,  and  stagnation  of  standing   wal 
only  occurs  here  and  there  in  places  which  are  underlain  wi) 
an  impermeable  hardpan. 

The  Plains*  are  extensive,  practically  treeless  regions  in  the 
northern  part  of  the  Coa.stal  Plain.  The  region  called  the  East 
Plains  contains  6,662  acres,  and  the  West  Plains  7,737  acres. 
There  are  other  areas  of  the  same  nature,  so  that  ao.ooo  acres 
is  a  con.ser\ative  estimate  of  the  amount  of  land  of  this  kind. 
These  Plains  are  hilly,  alxmt  one  hundred  feet  in  height,  and 
with  gentle  slopes.  The  .surface  .soil  is  usually  a  bleached  sand. 
Often  there  is  a  subsoil  of  clayey  loam  and  gravel  at  varyiM 
depths.  Often  the  subsoil  is  hard-pan,  and  in  places  there  are 
Ik;(Is  <)f  conglomerate  and  strata  of  clay.  There  is  practically 
no  physical  difference  lietween  the  soil  of  the  Plains  and  the 
soil  of  thousands  of  acres  in  the  neighborhood  on  v.-liich  trees 
of  good  dimensions  are  growing.  Owing  to  the  hilliaess  of  the 
region  tu'compari.son  with  the  surrounding  country,  and  ftwtng 
to  the  hick  of  a  more  exten.sive  cover,  the  soil  has  been  subjected 
to  the  leaching  and  beating  of  rain  and  the  scorching  am!  dr\-iQ(f 
effects  of  the  sun  and  wind.  One  would  expect  to  find  it.  there- 
fore, exceedingly  jwor  in  quality',  with  a  dearth  of  plant  food, 
which  might,  at  least  in  i>art,  account  for  the  absence  (if  a  more 

•Ttat  term  "pl:iln"  ii  luually  applied  is  taioid  urelchu  of  CMnlry  shlcb  u*  1*nl  nr  — tntilti^ 
OwiDK  to  ihi  fact  ihil  »aii  tncleu  arEU  in  lh«  W«t  arc  cillcd  -  Th*  FUiu."  ti«<e«i.«i  „  n,p,a«r»T 
UHKiaud  wilh  the  word"  Finis."  Forthii  nuon,  nodouK  ctniin  Imlainglauli  New  J«ht  h« 
called  "  The  Plaini."  alihough  ihtf  are  hlllier  ihjiD  the  lUrrouBdini  couDtrr.  Omgafh'n,  lki-*r>n 
apply  Ihe  term  ID  level  KKlaiu  rci;aTillui  of  tlieircovct;  lor  Initance.  "the  Allulic  Cnetii  I'uih  '■  Ii 
E^  wonhT  ^  °B^  '■!  ^^i"  coDpeciicm  t\i»t  the  people  «>l  the  Whi  diiiEnfulih  betweoa  the  "  VUina  "  «^ 
"  Prairie*."  Hie  lenn"  Hrairiei"  ik  applied  toihe  region  between  the  ia41h  inartdlah  aad  Uw  euivs 
ln>e  ol  ibe  Kuckiei.  Tlieir  irtcleuneid  ;>  mjlolr  due  ta  a  lack  of  nKHiturc.  EaM  al  ihl4  an  1^ 
•'  naitn,"  a  letilte  lul  firmerlr  Irodoi  rcu'on.  The  .^bience  of  treei  li  bete  due  ruber  lo  tin  .,[,,,_ 
linenett  ot  tbv  «.il  or  to  lire  anj  b'-"'  i''»n  '"  moiuure  cunditioni.    Wh«t««f  a  plain  It  prvdiBMl  by  fa> 
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extensive  growth.  A  chemical  examination  disappoints  one  in 
this  respect.  Very  little  dependence,  however,  can  be  put  in 
the  analysis  of  a  soil.  Although  the  essential  ingredients  may 
be  present  in  sufficient  quantity,  they  may  not  be  in  available 
form.  A  soil  may  be  physically  and  chemically  good,  but  if 
moisture  is  insufficient,  the  forest  will  be  light  and  commercially 
of  little  importance. 

The  Plains  are  covered  with  a  low  bushy  growth  of  several 
species.  The  highest  tree  (a  sassafras)  measured  in  this  whole 
region  was  fifteen  feet  (four  and  one-half  metres).  The  most 
peculiar  feature  of  this  area  is  the  fact  that  a  large  part  of  the 
growth  is  a  coppice  of  pine.  By  the  natives  these  short,  stunted 
pines  are  called  "she-pines.'^*  They  are  the  stump-shoots  of 
Pinus  rigida^  commonly  called  the  rough-bark  or  pitch-pine. 
When  this  pine  is  cut  many  shoots  sprout  from  the  stump,  but 
since  insects  soon  attack  and  devour  it,  the  young  shoots  usually 
die  in  consequence  while  still  small  and  tender.  There  is  a 
strong  tendency  in  the  pitch-pine,  Pifius  rigida^  to  send  out 
shoots,  especially  when  growing  under  adverse  conditions.  Soon 
after  a  fire,  with  the  foliage  completely  burned,  and  the  bole 
girdled,  many  dormant  buds  in  the  crown  and  on  the  trunk 
develop  into  shoots,  which  soon,  however,  wither  and  die. 
Even  logs  which  have  been  cut  and  hauled  to  the  mill  send 
out  similar  shoots.  These,  of  course,  wither  and  die  just  as 
soon  as  the  starchv  materials  and  moisture  in  the  trunk  are 
exhausted.  The  poorer  the  soil,  and  more  adverse  the  condi- 
tions, the  stronger  seems  the  tendency  to  sprout  from  the 
stump.  Sprouting  in  this  way  is  rare  among  the  conifers,  and, 
although  of  interest  botanically,  is  commercially  of  no  signifi- 
cance whatever.  Ordinarily  a  pine  coppice  is  short-lived,  but 
on  the  Plains  it  has  persisted  for  many  years.  Fire  sweeps  over 
this  region  frequently  and  bums  the  shoots  while  still  only  a 
few  feet  high,  but  the  stump,  gnarled,  charred  and  full  of  pitch, 
continvies  to  live.     Some  of  the  stimips  appear  to  be  more  than 

*The  term  "  she>pme/'  or  "  the.pitch-pine/'  is  also  applied  to  Pinut  ktUrophylla^  which  grows  ia 
the  region  of  the  Gulf  of  Mexico.  In  the  language  of  the  natives,  the  prefix  "  she  "  indicates  not  sex  but 
inferiority  and  imperfection.  P,  fuUrophylla  has  been  regarded  by  the  lumbermen  as  a  tree  of  very 
inferior  quality  and  of  little  value  in  comparison  to  the  true  southern  pitch-pine,  P. paluxtris.  In  the 
same  way  the  term  "  she  balsam-fir  "  is  applied  to  Abits  /rtueri,  a  small,  short-lived  tree  which  inhabits 
only  the  high  slopes  of  the  Alleghany  Mountains  In  Carolina  and  Tennessee.  For  the  same  reason  the 
adjective  "  bastard"  is  often  applied  to  trees. 
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a  hundred  years  old  and  are  not  more  than  five  or  six  inches  in 
diameter.  Hard  and  prickly  cones  are  produced  in  large  num- 
bers with  imperfectly  formed  seeds.  Quercus  pumtla*  the 
scrub  or  bear-oak,  and  the  Jersey  laurel  f  {Kalmta  latt/olta\  are 
abundant.  There  are  also  many  interesting  herbaceous  plants 
or  low  shrubby  plants,  such  as  the  pyxie,  the  bearberry  and  the 
trailing  arbutus. 

The  only  tradition  attached  to  these  wind-swept,  sun-scorched 
plains  is  that  they  have  always  been  treeless.  They  are  often 
drear>'  and  black  from  the  effects  of  fire,  but  soon  Nature  covers 
them  with  a  blanket  of  green,  and  they  glow  in  season  with  the 
bloom  of  wild  flowers.  It  is  always,  however,  a  lonely  place, 
and  is  seldom  visited  save  by  natives,  who  come  to  gather  the 
stumps  of  the  pines,  which  are  full  of  pitch  and  excellent  for 
fuel. 

The  Plains's  condition  is  mainly  due  to  fires,  which  are  ver>* 
common,  and  which  have  doubtless  burned  for  many  years, 
probably  since  the  days  of  the  Indian  who  often  passed  that  way 
en  route  to  the  sea-shore.  In  the  Coastal  Plain,  all  gradations 
from  a  healthy  pine  forest  to  the  scrubby  plains  may  be  seen. 
In  fact,  through  the  effects  of  fire  other  regions  are  rapidly 
becoming  plains-like  in  character.  This  particular  region  has 
first  become  plains,  because  it  is  hilly  and  higher  in  altitude. 
It  suffers  more  from  drought,  and  in  consequence  has  been  more 
easily  changed  by  fire.  It  is  not  unlikely  on  the  other  hand 
that  the  Plains  have  never  been  forested  and  that  for  ages 
Nature  has  been  striving  to  cover  them  with  trees,  but  fails 
owing  to  fires  and  the  dryness  of  the  soil.     The  plains  region 


*  The  scrub  or  bear  oak  ( Quercus  Pumtla  formerly  Q.  ilici/alia)  is  very  com'soii  but  neirer  reaches 
the  dimensions  of  a  tree.  It  endures  extremely  adverse  conditions  and  bears  immcnsa  quantities  ol  small 
acorns.  It  is  an  excellent  protection  to  the  soil  which  would  be  otherwise  bare,  although  tt  Inralshcs 
food  for  fires.  Its  mast  is  relished  by  swine  and  other  animals.  It  is  sometimes  cut  for  umbrella  handles 
and  canes.  Many  of  these  scrub-oak  regions  are  excellent  places  for  pheasantries.  Both  the  partridge 
{Coiinus  virg^inianus)  and  the  pheasant  (Bonasa  umbellus)  are  fond  of  its  acorns.  The  Heath  or 
the  Prairie  Hen  ( Tympanuchtu  cupido),  which  is  now  extinct  except  on  Martha's  Vineyard  Island, 
inhabited,  it  is  said,  the  Plains  of  New  Jersey  up  to  1868.  Although  not  introduced  for  forestry  par- 
poses,  the  scrub-oak  is  quite  common  in  parts  of  France. 

fThe  laurel  is  a  beautiful  evergreen,  slow-growing  shrub,  which  thrives  on  barren  land  in  spite  of 
tire.  The  rich  white  and  pink  corymbs  of  this  plant  mixed  with  its  coriaceous  leaves  are  abtiDdant  and 
attractive.  In  rich  damp  woods  it  often  reaches  the  dimensions  of  a  small  tree,  and  its  wood,  as  whh 
the  crooked  limbs  of  the  red  cedar,  is  extensively  used  in  the  construction  of  "  rustic  work/*  a 
applied  to  fences,  pavilions  and  garden  furniture  made  of  the  crooked  limbs  and  roots  of 
of  trees  and  shrubs. 
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was  referred  to  by  early  travelers,  and  appears  to  have  changed 
very  little  in  appearance  in  the  course  of  time. 

The  easiest  way  to  visit  the  Plains  is  from  Chatsworth, 
formerly  Old  Shamong,*  on  the  New  Jersey  Southern  Railroad, 
which  traverses  the  pineries  for  many  miles. 

Surrounding  the  Plains  on  all  sides  and  extending  far  to  the 
southward  is  an  immense  tract  of  land  called  the  Pine  Barrens. 
The  term  is  usually  applied  to  the  sandy  regions  of  New  Jersey 
which  are  covered  with  a  sparse  growth  of  pine,  under  which, 
as  a  rule,  there  is  a  scrubby  growth  of  oaks  and  ericaceous 
plants.  The  physiognomy  of  this  region  is  mainly  due  to  fires 
and  careless  cutting.  In  a  few  places  which  have  been  protected 
there  are  magnificent  forests  of  smooth-bark  pine  and  even  mer- 
chantable oak,  in  spite  of  the  sandy  nature  of  the  soil.  In  a  few 
of  these  forests  affected  only  by  surface  fires,  which  burn  quickly 
over  the  thin-covered  soil,  the  ground  is  white  and  clean.  In 
other  instances  where  there  have  been  no  fires  at  all,  although 
these  spots  are  few  and  far  between,  there  is  a  stand  of  tall, 
clean,  smooth-bark  pine  {P.  echinata\  with  a  good  mixture  of 
deciduous  trees. 

In  the  spring,  when  there  is  a  richness  of  bloom  and  beauty, 
and  during  the  Indian  summer,  when  the  woods  are  gorgeous 
with  autumnal  tints  and  enlivened  by  the  chatter  of  birds  feed- 
ing upon  the  harvest  of  berries,  fruits  and  seeds,  the  atmosphere 
of  the  Pine  Barrens  is  balmy  and  fragrant.  The  winter  also  is 
pleasant,  owing  to  the  freshness  of  the  evergreens  and  the  dr}'- 
ness  of  the  soil,  but  in  summer  the  sand  is  hot  and  dry  and  the 
air  is  full  of  pestiferous  flies  and  mosquitos  and  hazy  with  smoke 
from  forest  fires. 

In  early  times  settlers  cleared  the  land  along  certain  thorough- 
fares, irrespective  of  its  quality.  Soon  many  of  their  farms 
became  barren,  and,  with  a  change  of  industries,  they  changed 
their  homes  and  abandoned  their  fields.  When  a  sandy  field  in 
the  Jersey  pine  land  is  abandoned  to  Nature,  she  clothes  it  at 
first  with  a  sparse  covering  of  lichens,  Indian  grass,  briars  and 
other  pioneer  herbaceous  and  shrubby  plants.     Soon  scattered 


*  The  habit  of  changing  the  names  of  towns  in  Southern  New  Jersey  simply  because  the  old  names 
sound  inelegant  is  a  great  pity  The  word  Shamong  is  an  old  Indian  name.  Good  old-time  names, 
especially  those  ot  Indian  origin  and  those  with  local  color,  should  never  be  changed.  Such  names  as 
Tar-Kihi-Neck,  Blue  Anchor,  Double-Trouble,  Long  Coming,  Penny  Pot,  Old  Martha,  Calico,  etc., 
etc.,  are  far  more  appropriate  to  tb«  region  than  Cologne,  Pasadena,  lona,  Malaga,  etc.,  etc. 

16    FOR 
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red  cedar  {Jituiperits  virgiuiand)  and  holly  {Ilex  opaca)  appear 
as  forerunners,  the  seeds  of  which  have  been  dropped  by  passing 
birds.     The   persimmon   and   sassafras,   hardy  oaks,  and    wild- 
cherry  [Pruftus  serotma)  also  spring  up,  and  near  the  sites  of 
old  dwellings  are  chimps  of  the  tree-of-heaven  {Ailanthus  glan- 
diilosHs)  growing  with  tropical  rankness,  root  suckers  from  the 
old  trees  which  were  once  in  favor  for  shade  and  omament ; 
now  and  then  also  an  old  sycamore  with  serpent-like  limbs; 
here   and   there    pines    appear,   the   edges  gradually    close   in 
on   the   field,  the   solitary  forerunners  become  surrounded   b\" 
their  progeny,  the   gaps  are  slowly   filled  by  whatever   may 
chance  to  fall  by  the  many  natural  means  of  seed  distribution. 
Thus,  in  time,  the   whole  becomes  a  mixed  forest   of  manv 
species  and  of  all  age  classes :  here  a  thicket,  there  a  pole-wood 
consisting  of  softwood  and  hardwood,  evergreen  and  deciduous 
sorts,  many  sickly  suppressed  trees  and  many  much  branched, 
rough  and  knotty  trees  which  were  the  forerunners,  holding 
their   own   in   the    struggle   for   life   even   against    their   own 
progeny.     Soon  come  axe  and  fire ;   the  weaker  kinds  perish, 
the  best  are  used,  and  a  few  pines  and  a  coppice  of  hardy  oak 
alone  remain.     Sometimes,  if  surrounded   by  pine,    these   old 
fields  come  up  in  a  growth  of  pine  as  thick  and  green  as  a  field 
of  grain.* 

The  forests  of  the  eastern  United  States  are  possessed  of 
marvelous  regenerative  power.  Among  the  hundreds  of  native 
species  there  are  many  capable  of  great  endurance,  and,  indeed. 
in  the  regions  east  of  the  western  prairies  there  are  few  spots  so 
sterile  and  inhospitable  that  one  or  more  of  these  species  cannot 
survive.  There  is  abundant  material  for  the  development  of 
new  and  elal^orate  systems  of  silviculture  suited  to  the  condi- 
tions and  needs  which  exist. 

A  very  hirge  part  t)f  the  Pine-Harren  district  is  oak  coppice. 
The  area  in  ])ine,  however,  is  constantly  decreasing,  the  area  in 
oak   increasing.     Oak   of  some  kind  ahnost   invariably  follows 


*(.)oe  must  not  too  ha^iily  conclude  that  the  majority  of  the  Jersey  pinea  are  (Htch  or  ladijui  pi: 
I  .'*.  yicida).  A  careful  census  of  many  districts  will  show,  especially  in  the  southern  counties,  ihal  the 
>hort-lcaf  pine  predominates.  .Although  the  pitch-pine  endures  fire  to  a  greater  extent,  the  ihoR-icat 
p:ne  \*  more  prolific.  From  a  lorestal  standpoint,  this  is,  in  spite  of  ererything,  a  hopeful  condition  o! 
atT.iirs,  bL-cau>t .  as  1  >lia:i  endi.avor  to  show  later,  there  is  no  coniferous  forest  tree  of  the  dry  aandy  per- 
:ii>ns  of  the  Carolinian  /one  which  is  silviculturally  and  commercially  the  equal  of  /Yaraix  tchinuta,  lise 
"hvtrt-le:!!  or  sinooth-baitc  pine. 
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pine.  Throughout  every  pine  woods  are  scattered  here  and 
there  suppressed  oaks,  the  seeds  of  which  may  have  been  dropped 
by  jays  or  chickarees.  Just  as  soon  as  the  pines  are  cut,  these 
oaks,  owing  to  increase  of  light  and  room,  grow  quickly.  In 
spite  of  the  poverty  of  the  soil  and  the  inroads  of  insects,  and 
although  burnt  and  cut  again  and  again,  they  show  remarkable 
vigor.  * 

Even  scientific  men  have  advanced  the  theory  that  one  species 
of  tree  follows  another  because  the  first  exhausts  certain  ingre- 
dients in  the  soil  which  it  must  have  and  which  another  species 
may  not  need.  Such  statements  are  rarely  founded  on  facts. 
The  reason  one  species  follows  another  may  be  easily  detennined 
in  almost  every  case  with  a  little  observation  and  study.  Trees 
do  not  generally  exhaust  the  soil,  but,  by  bringing  inorganic 
materials  from  deep  layers  of  the  soil  and  depositing  these  in  the 
form  of  litter  on  the  surface,  and  by  protecting  it  from  the  beat- 
ing and  leaching  of  rain  and  scorching  effects  of  wind  and  sun, 
improve  its  quality.  In  moist  pine  regions  which  have  been  burnt 
over  several  times  and  on  which  ever>^thing  is  killed,  birch  often 
springs  up  in  an  almost  magical  way.  This  is  due  to  the  facts 
that  the  seeds  of  the  birch  are  quickly  distributed  by  the  wind 
and  quickly  germinate,  and  that  the  birch  is  capable  of  living  on 
extremely  poor  soil. 

Many  dry  leaves  cling  to  the  small  oak  trees  until  the  follow- 
ing spring  ;t  the  limbs  reach  close  to  the  ground,  and  fire,  there- 
fore, in  the  late  winter  or  early  spring,  before  there  is  much  sap 
in  the  wood,  kills  them,  although  the  stumps  live  on,  and  with 
great  persistency  produce  a  fresh  growth.  In  the  struggle  for 
existence  the  scrub  oak  and  the  black  jack  {Q,  marilandicd) 
usually  survive.  Although  these  two  oaks  are  of  slight  economic 
importance,  it  is  due  to  their  pertinacity  that  in  many  places 
the  soil  has  been  prevented  from  shifting.  The  species  which 
form  this  coppice  are,  post  oak  (^.  ?ninor)^  black  oak  {Q.  vein- 
tind)^  white  oak  ((?.  alba)^  chestnut  oak  {Q.  prinus\  Spanish 
oak  {Q.  digitatd)^  red   oak  (^Q.   rubra),    black   jack  {Q.  niari- 

*  It  is  well  known,  however,  that  oaks,  chestnuts,  and  similar  trees,  lose  their  vitality  when  a»exually 
reproduced  for  a  great  length  of  time. 

t  It  has  been  suggested  by  botanists  that  these  clinging  leaves  indicate  a  tendency  or  are  a  step 
toward  the  evergreen  sute.  The  magnolia  glauca  is  almost  evergreen  in  Southern  New  Jersey.  When 
leaves  cling  in  this  way  it  is  an  indication  that  the  species  is  frott*tendcr  and  that  the  leaves  were  injured 
by  frost  before  the  normal  corky  layer  was  formed  at  the  base  of  the  petiole. 
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landica)^  and  scarlet  oak  {Q.  coccinea).  Hybrids  and  irregular 
fonns  are  common.  The  coppice  is  usually  cut  as  pole-wood  for 
fuel,  and  has  little  value.  Owing  to  careless  cutting  the  stumps 
are  apt  to  be  partly  decayed.  This  decay  spreads  to  the  tree. 
It  also  invites  the  inroads  of  insects,  the  number  of  which 
injurious  to  these  oaks  is  legion. 

The  wonderful  rapidity  of  tree  growth  in  this  sandy  soil  is 
often  remarked  with  surprise.     Bleached  white  as   snow,  and, 
apparently,  absolutely  destitute  of  plant  food,  it  is  nevertheless 
capable  of  supporting  a  thrifty  arboreal  growth.     The  young-  tree 
starts  with  the  greatest  difficulty  and  languishes  throughout  the 
early  part  of  its  life,  but  as  soon  as  its  roots  have  reached  the 
deeper  and  richer  layers  of  the  soil  it  starts  afresh  and  grows 
thenceforth  with  astonishing  rapidity.     The  soil  is  porous,  and 
although  well  drained,  is  moist  a  short  distance  below  the  surface. 
The  lay  of  the  land  and  the  nature  of  the  soil  is  such  that  the 
roots  of  trees  can  in  the  majority  of  cases  penetrate  to  where 
there  is  constantly  sufficient  moisture.     From  the   Plains,  the 
highest  part  of  the  Coastal  Plain,  there  are  naturally  all  degrees 
of  soil-moisture  conditions,   through  the    Pine  Barrens  to  the 
swamp  lands. 

A  swamp  is  usually  defined  as  a  tract  of  land  with  or  without 
trees,  lower  than  the  surrounding  country,  and  so  saturated  wnth 
water  as  to  be  unfit  for  cultivation. 

This  definition,  however,  is  insufficient.  When  one  sp)eaks  of 
a  swamp  in  Southern  New  Jersey,  or  in  any  part  of  the  South- 
eastern States,  a  wooded  region  is  usually  meant.  A  swamp, 
also,  is  not  always  unfit  for  cultivation.  Some  of  the  best  farm 
land  in  America  is  on  swamp  bottom.  Neither  is  it  always  lower 
than  the  surrounding  country.  Elevated  swamps  are  common, 
and  the  Dismal  Swamp  of  Virginia  and  North  Carolina,  which 
is  like  a  Jersey  swamp  in  many  respects,  is  several  feet  higher 
than  the  surroiniding  country,  with  a  lake  in  the  center  from 
which  water  runs  in  all  directions. 

The  amount  of  water  in  a  swamp  is  an  important  matter,  also 
the  temperature  of  the  water.  It  varies  in  amount  from  a  degree 
of  mere  moistness  to  the  condition  of  the  Cypress  swamps  of  the 
south,  which  are  at  times  navigable  for  canoes,  bateaux  and  often 
good-sized  scows.     Along  the  Mississippi  river  there  is  a  vast 
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region  called  the  River-swamp,  which  is  seldom  completely 
flooded.  Here,  several  of  the  trees  which  grow  in  southern  New 
Jersey  reach  their  optimum.  Many  trees  which  thrive  in  water 
in  tlie  south  cannot  live  in  the  swamp-lands  in  the  north,  because 
of  their  coldness,  but  thrive  on  the  upland.  By  the  tenn  swamp 
is  merely  meant  a  wet,  muddy  region,  covered  with  a  wild  growth 
of  trees  and  bushes. 

To  wet,  almost  treeless  or  treeless  areas,  the  terms  savanna, 
morass,  bog,  slough  and  marsh  are  applicable.  The  term 
savanna  is  usually  applied  to  lowlands  covered  with  grasses  and 
other  herbaceous  plants  ;  the  terms  morass  and  bog,  to  extremely 
spongy,  sphagnaceous  lands ;  and  the  term  marsh,  to  the  soft, 
muddy  deposits  around  and  along  bodies  of  both  salt  and  fresh 
water.  Some  are  inclined  to  restrict  the  term  marsh  to  those 
areas  formed  in  salt  water.  There  is  little  reason  for  this,  since 
salt  and  fresh  marshes  are  essentiallv  alike  in  formation.  All 
these  terms  are,  unfortunately,  exceedingly  elastic  in  nleaning. 
A  cedar  swamp,  for  instance,  is  a  swamp  while  covered  with 
trees,  but  when  cut  over,  cleared  and  planted  with  cranberries, 
it  becomes  a  bog. 

Much  of  the  swamp-land  in  the  Coastal  Plain  of  New  Jersey, 
although  merely  moist  and  extremely  fertile,  will  probably 
remain  in  woods  for  many  years  to  come,  because  of  the  diffi- 
culty in  clearing  it.  A  swamp  bottom  consists  of  the  forest 
detritus  of  ages,  and  is  a  matted  mass  of  roots,  stumps  and  tree 
trunks. 

The  "swamp-land  may,  for  the  sake  of  convenience,  be  divided 
into  cedar  swamps  and  deciduous  or  hardwood  swamps. 

The  white  cedar  (^Chamcrcyparis  (hy aides)*  the  finest  soft 
wood  of  the  region,  grows  in  dense  pure  forests.  The  tree  is 
tall,  straight  and  sharp-pointed.  The  bases  of  the  crowns  meet 
to  form  a  solid  canopy.  The  trees  grow  so  close  that  one  sup- 
ports another,  and  when  a  few  are  cut,  or  felled  by  storm,  others 
in  the  neighlx)rhood,  deprived  of  their  support,  fall  in  every 
direction.  The  limbs  are  often  festooned  with  a  gray  lichen 
( I  \\?ie'a  barbatd)^  the  pendant  tufts  of  which  are  favorite  nesting 
places  of  the  Parula  warbler  ( Compsothlypsis  anierkana).     These 


*  ThU  tree  should  not  be  confounded  with  the  white  cedar  or  arbor  vitae  of  the  north  (  Thuya  ocei- 
iirntaiis). 
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swamps  are  warm  and  protected  in  winter,  and  harbor,  there- 
fore, many  birds.  They  are  cool  in  summer  and  fragrant  with 
the  odor  of  clethra  ( C  ahiifolid)  and  magnolia  {M,  glauca\  A 
cedar-swamp  bottom  seldom  freezes.  This  may  be  partly  due  to 
the  fact  that  cedar  swamps  are  usualh'  located  in  regions  of 
springs. 

The  forest  floor  is  usually  covered  with  a  thick  mat  of  sponge- 
sphagnum  moss.  The  streams  in  passing  through  the  swamps 
often  separate  into  several  streamlets,  which  meander  through 
the  mass  of  moss  and  submerged  tree  trunks  and  roots.  The 
water  of  these  in  dark  places  is  black  as  ink,  but  in  the  light 
and  in  shallows  is  the  color  of  mahogany  or  amber,  owing  to 
impregnations  from  the  humus.  Nothing  is  more  characteristic 
of  the  Coastal  Plain  of  New  Jersey  than  these  swamps  of 
Although  practically  the  northern  limit  of  this  excellent 
it  is  perfectly  at  home  in  South  Jersey.  Free  from  disease,  and 
always  a  fresh  rich  green,  cedar  swamps  fonn  the  most  striking 
feature  of  the  landscape.  It  is  a  common  saying  in  South 
Jersey  that  a  cedar  swamp  attracts  a  shower.  It  seems  to  be 
often  the  case  that  a  thunder  stonn  follows  a  branch  or  stream 
until  it  reaches  a  mass  of  swamp,  and  there  drops  its  rain. 

Owing  to  the  excellence  of  the  wood,  these  swamps  are 
devoured  with  aviditv  bv  lumbermen.  The  bottom  when  not 
too  difficult  to  clear,  and  when  properly  located,  is  in  demand 
for  cranberry  bogs.*  When  a  cedar  swamp  is  cut  or  burnt,  if 
certain  conditions  prevail,  it  may  come  again  in  cedar,  usually, 
however,  deciduous  swamj)  trees,  inferior  in  nature,  usurp  its 
place. 


*  The  cultivation  of  the  large  or  American  cranberry  ( Oxycoccux  macroear^tn)  is  a  v«ry 
industry  in  South  Jersey.  The  berry,  the  size  of  a  cherry,  grows  in  large  quantities  on  a  lov 
vine,  which  forms  a  mat  on  the  surface.  The  clearing  and  preparation  of  these  bogs  are  •xpcnaiw, 
the  yie!ds  are  often  enormous,  and  the  bog  lasts  for  many  years  without  perceptible  detarioimtioB. 
cultivation  of  this  plant  reijuires  skill  and  experience.  In  times  past  fortunes  have  bssa  lost  as  wall  ■■ 
won  in  the  cranberry  industry.  The  amount  of  fruit  yielded  year  after  year  by  a  bof  suitably  loeaiod 
and  tended  is  often  enormous  A  cedar-swamp  bottom  through  which  there  b  a  raaaiiig  stramm  is 
selected.  This  is  banked  and  arranged  so  that  the  bog  can  be  easily  and  quickly  flooded,  since  it  is  dnsirw 
able  to  keep  it  covered  with  water  throughout  the  winter  and  for  a  short  time  at  other  seasons  of  th«  year, 
to  protect  it  from  frost,  to  drown  out  undesirable  weeds  and  insect  pests  or  prevent  a  fuBgoos  *f^rsse  called 
"  scald."  A  bog  nuy  be  flooded  at  any  time  without  injury  to  the  vines,  except  when  hi  blossom  In 
clearing  a  bog  the  stumps  are  usually  removed,  but  not  always.  The  whole  is  tnrfed  with  a  cranbctry  or 
tOK  ^ocp  which  has  a  wider  blade  than  the  ordinary'  grub-hoe.  Ditches  are  dug  throughoot  the  whole 
bog,  and  sometimes  the  surface  is  sanded.  It  is  planted  in  a  simple  manner  with  a  saitable  variety  of 
wild-berry  from  the  woods  or  from  another  bog.  Usually  the  vines  are  mown  down  with  a  scythe 
These  pieces  are  dropped  over  the  area  ready  for  planting  and  pushed  into  the  soft  soil  with  a  wooden 
dihhle.  They  soon  take  root,  and  in  the  course  of  a  couple  of  years  their  vigorous  stolons  have  complete 
possession  of  the  soil. 
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The  swamp  lands*  being  moist,  have  naturally  not  suffered 
from  fire  as  much  as  the  uplands.  They  often  consist,  therefore, 
not  only  of  a  great  mixture  of  species,  but  are  a  semi-tropical 
tangle  of  wild  grapes,  and  other  vines  and  bushes.  The  decid- 
uous or  hardwood  swamps  usually  contain  a  mixture  of  the 
following  trees  of  more  or  less  importance :  Acer  riibrum^  red 
or  swamp  maple ;  Liquidaynber  styraciflua^  sweet  gum  or 
bilsted  ;  Nyssa  sylvatica^  black  or  sour  gum,  and  Magnolia 
^lauca^  or  brewster,  are  the  commonest.  In  some  swamps  there 
are  beeches  {Fagus  latifolici)^  tulip  trees  {Liriodendron  ttilipi- 
Jerd)^  swamp  white  oak  {Quercus  platanoides\  willow  oak  ((2- 
phellos)^  holly  (^11  ex  opaca)^  sassafras  {S,  sassafras)^  and  now  and 
then  a  pitch-pine  {Pinus  rigida\  a  smooth-bark  pine  {Pimis 
echinatd)^  a  white  cedar  {Chefucecyparis  thyoides)  or  even  a  white 

pine.f 

Fire  and  the  axe  have  converted  many  of  these  swamps  into 
sorry  looking  thickets  and  cripples,J  which  are  little  more  than 
tangles  of  saplings,  bushes  and  vines.  It  is  easy  to  imagine  how, 
in  the  course  of  time,  fire,  burning  over  land  of  heavy  nature  or 
land  which  is  usually  moist,  will  gradually  kill  even  swamp  trees 
and  shrubs,  until  nothing  remains  but  herbaceous  plants  among 
charred  stumps.  These  swamps  often  become  very  dr>'  in  sum- 
mer, and  the  natives,  to  improve  the  quality  of  the  berries  (or 
very  rarely  the  pasturage),  set  fires.    This  must  be  done,  however. 


*  It  is  in  these  swamps  where  the  animals  of  the  woods  take  refuge,  especially  the  deer,  which,  at  a 
certain  time  of  the  year  when  the  law  allows,  are  remorselessly  chased  by  packs  of  hounds.  The  extinc- 
tion of  this  animal  in  New  Jersey  is  only  a  matter  of  time  unless  the  use  of  dogs  is  absolutely  prohibited 
at  all  seasons.  It  is  the  prevailing  opinion  In  the  Adirondacks  that  the  wisest  move  in  the  protection  of 
deer  was  the  prevention  of  hounding  by  law.  The  meat  of  a  hounded  animal  is  poor  in  quality,  to  say 
nothing  of  the  cruelty  which  the  nagging  of  dogs  occasions.  Hunting  at  best  is  an  immoral  sport,  and  in 
America  is  everybody's  privilege.  In  every  backwoods  town  there  are  local  social  gypsies  or  pothunters 
who  love  sport  and  hate  work,  who  spend  their  days  wandering  in  the  woods  with  dog  and  gun,  and  their 
evenings  in  the  country  store  or  tavern  relating  their  experiences.  Several  animals  in  South  Jersey  are 
hunted  not  for  their  pelts  or  for  food  but  for  the  bounty  which  the  townships  very  foolishly  pay  lor  the 
heads  of  certain  so-called  "  depredatory  animals,"  among  the  worst  of  which  the  fox  is  classed. 

t  The  white  pine  was  at  one  time  quite  abundant  in  Manahawken  swamp.  These  pines  towered  high 
above  the  cedars  of  the  swamp.  This  snggesu  the  possibility  of  growing  the  white  pine  in  such  districts 
eitherlaloiie  or  mixed  with  white  cedar.  The  choppers  whom  I  consulted  at  the  time  of  my  visit  called 
the  white  pine  **  white  wood." 

t  The  term  "cripple"  is  a  localism  used  in  South  Jersey  and  on  the  Chesapeake  peninsula.  It  is 
aiq»ttcd  to  a  thicket  or  bushland.  It  is  interesting  to  note  that  the  Germans  use  the  word  in  the  same 
sense.  For  instance,  a  sund  of  trees  which  has  been  abused  by  careless  cutting,  etc.,  is  called  a  "  Krup- 
pelbestand."    Underbrush  is  sometimes  called  "  Kruppelholz." 
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when  the  soil  is  not  too  dry.*  In  this  way  moist  swamps  become 
meadows.  This  land,  if  left  to  itself  and  protected  from  fires, 
soon  recovers,  but  there  is  another  kind  of  grassy  land,  namely 
**  Savanna/'  which  is  of  little  worth  in  New  Jersey  at  present, 
and  destined  to  remain  unchanged  for  many  years  to  come. 

The  formation  of  such  grass  land  in  New  Jersey  is  usually  due 
to  a  hard-pan  which  is  often  only  a  few  inches  below  the  surface. 
Hard-pan  is  the  name  applied  to  a  dense,  almost  impenetrable 
stratum  of  compacted  material.     It  is  generally  soil  in  the  pro- 
cess of  becoming  rock.     In  these  savanna  lands  f  it  is  bog-ore 
and  organic  materials  cementing  the  particles  of  sand.      It   is 
covered  bv  several  inches  of  humus,  which  is  saturated  wi^h 
water  and  is  sour  in  consequence.     Here  and  there  on  knolls  in 
these  sloughs,  a  pitch-pine  grows,  but  topples  over  in  the  course 
of  time,  owing  to  the  slight  hold  which  it  has  upon  the  soil- 
The  hard-pan  is  similar  to  the  **  ortstein  '^  of  Northern  Europe  and 
the  **  alios  *'  of  the  French  Landes.     This  stratum  exists  in  all 
degrees  of  hardness,  and  often  in  sufficient  quantities  to  prevent 
the  growth  of  trees  on  considerable  areas  of  land,  but  in  a  region 
where  even  good  wood-land  has  little  value,  the  comparatively 
small  area  of  savanna  is  not  worthv  of  much  consideration,  be- 
cause  the  cost  of  drainage  and  preparation  would  amount  to  more 
than  the  land  is  likely  to  be  worth  for  some  time  to  come. 

Stretching  along  the  coast  of  Southern  New  Jersey  and  along 
the  Delaware  river,  fringing  the  mainland  and  bays,  and  extend- 
ing along  the  rivers  far  inland,  are  many  miles  of  salt  marshes. 
They  are  of  course  treeless,  t  In  former  times  these  lands  were 
banked  and  cultivated  much  more  extensively  than  at  present. 
Owing  to  the  difficulty  of  keeping  the  banks  in  order,  they  have 
in  large  part  been  abandoned.     The  marshes,  endless  to  the  eye. 


*  Constant  burning  causes  deterioration  of  pasturage  in  the  course  of  time.  Tlie  weaker  graaacs  art 
gradually  killed.  On  salt  marshes  and  wild  meadows  where  the  soil  is  very  mobt,  so  that  the  roots  art 
not  injured  by  fire,  regular  burning  is  a  benefit 

t  The  term  savanna  is  a  relic  of  the  Spanish  in  America  and  In  general  merely  meant  a  tract  of  lev«I 
land  covered  with  low  vegetation,  usually  grass.  It  is  used  throughout  the  world  in  this  aeoae.  In  old 
Spanish  the  word  means  a  "  sheet,"  and  was  originally  applied  to  a  flat  snow>coTered  region. 

X  In  places  hardy  shrubs  and  trees  are  gradually  intruding  on  the  marshes  as  they  become  by  depoMi 
higher  and  sweeter.  In  other  places  groups  of  trees  may  be  seen  which  have  been  killed  by  too  larigc  a 
dose  of  salt  water. 
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are  intersected  by  many  bays,  salt  ponds,  thoroughfares  and 
winding  creeks.  They  yield  thousands  of  tons  of  salt  hay 
{Spartina  juncn\  and  black  grass  {Juuats  gerardi)^  which  are 
extensively  used  for  fodder  and  packing.  It  is  transported  on 
flat-boats  or  scows  up  the  many  rivers  to  the  interior,  and  is  also 
baled  and  shipped  to  the  neighboring  sea-shore  resorts  and  cities. 
Owing  to  the  fact  that  these  marshes  already  yield  a  good 
income,  that  is,  a  fair  rate  of  interest  on  the  amount  invested, 
and  probably  more  than  cultivated  fields  would  pay,  by  producing 
year  after  year  a  good  grade  of  hay  without  any  labor  except 
the  reaping,  and  a  little  ditching  now  and  then,  it  would  be  a 
precarious  investment  to  bank  and  drain  them  as  has  been  done 
with  similar  land  in  Holland,  except  in  the  northeastern  part 
of  the  state,  where  proximity  to  cities  makes  land  more  val- 
uable than  in  the  southern  part.  These  banked  lands,  although 
fertile,  are  unsatisfactory  to  till  ;  the  dykes  are*  a  constant  care 
and  anxiety,  and  storms  and  high  tides,  besides  other  serious 
dangers,  often  cause  irreparable  damages. 

The  reasons  for  mentioning  these  marshes  in  this  connection 
are,  firstly,  they  yield  an  abundance  of  fodder  and  litter,  and 
secondly,  the  mud  is  an  extremely  rich  fertilizer,  consisting 
mainly  of  humus,  but  containing  also  lime,  and  the  decomposed 
bodies  of  both  macroscopic  and  microscopic  organisms.  It  is  an 
inexhaustible  store  of  fertility.  In  it  are  the  materials  which 
the  sandy  soil  of  the  interior  needs  most.  By  applying  this  mud 
in  the  fall,  so  that  the  frost  will  pulverize  and  mellow  it,  and, 
the  following  summer,  sowing  a  leguminous  crop  for  green 
manure,  the  sandiest  field  is  rendered  so  fertile  that  with 
intensive  culture,  including  a  regular  supply  of  water  and  intel- 
ligent labor,  it  will  produce  fruits  and  vegetables  of  the  finest 

*The  banks  are  often  seriously  damaged  by  the  musk-rat  (Fiber  zibftkicus),  an  aquatic  rat-like 
rodent.  It  yields  a  salable  fur  and  is  extensively  trapped.  They  dig  through  a  bank  in  all  directions* 
causing  it  to  leak  and  weakening  it  throughout  in  a  way  which  is  difficult  to  repair.  They  are  prohfic 
and  must  be  combatted  in  various  ways.  Many  encourage  the  presence  of  black  snakes  {Bascanion 
constrictor),  which  feed  upon  its  young.  A  tight  hemlock  board  or  slab-fence  is  often  constructed 
against  the  face  of  the  bank,  or  small  pilings  are  driven  close  together  along  its  outer  edge.  Ditches 
should  never  be  dug  on  both  sides  of  a  dyke,  if  so,  the  rats  are  very  tond  of  channeling  from  ditch  to 
ditch.  If  sand  is  used  in  the  construction  of  the  outer  part  of  a  bank,  rats  are  less  apt  to  disturb  it, 
because  it  caves  easily  and  thus  interferes  with  their  digging.  Willows  should  be  planted  on  these  banks 
and  fascine  and  wattlework  constructed  on  their  faces.  The  great  use  of  fascine  and  wattlework  is  not 
fully  appreciated  in  America.  The  banks  which  worry  the  Jersey  farmer  would  be  little  more  than  play 
to  the  enterprising  Dutchman  who,  with  patient  toil,  farms  into  the  very  jaws  of  the  sea.  He  would  even 
look  with  envious  eyes  on  our  shallow  inland  bays  and  would  soon  convert  them  into  many  acres  of  rich 
polder- land. 
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quality.     This  litter  and  mud  are  abundant  and  available  to  all 
those  who  have  enterprise  and  energ>'  enough  to  utilize  them. 
The  mainland  and  marine  marshes  are  protected  from  the 
action  of  the  ocean  waves  by  a  line  of  barrier  beaches  or  sea 
islands.     These  beaches,  on   which   are  located   many   fauious 
resorts,  are  separated  from  one  another  by  inlets  through  which 
the  tide  sweeps  swiftly.     Strictly  speaking,  a  beach  is  that   part 
of  a  shore  between  high  and  low  water,  but  in  New  Jersey  the 
term  is  applied  to  what  are  really  sea-islands.     These  islands 
consist  of  a  fine  white  sand  which  in  places  is  mobile.     When 
the  tide  falls,  the  sand  of  the  beach  proper,  dried  by  the  sun 
and  wind,  is  blown  either  inland  or  into  the  ocean.     The  pre- 
vailing winds  blow  toward  the  sea,  and  the  sand  as  it  dries  flies 
back  into  the  water  to  be  whirled  again  on  the  beach  by  the 
waves.     If  the  wind  continues  for  some  time  from  the  sea,  sand- 
hills are  formed.     Anv  small  obstacle  sufficient  to  diminish  the 
energ>^  of  the  wind  may  cause  the  commencement  of  a  dune. 
As  soon  as  a  little  hill  is  formed,  it  is  easy  to  see  how  it  may 
continue  to  form  while  the  conditions  remain  the  same.     Soon 
a  strong  west  wind,  however,  may  hurl  it  back  into  the  sea,  or 
an  eastern  gale  fling  it  inland  on  the  marshes.     And  so  it  goes^ 
forming  and  re-fonning,  changing  in  fact  with  ever>'  caprice  of 
the  wind,  gentle  and  almost  unnoticeable  during  a  light  sea- 
breeze,  but  a  stinging,  blinding  sand-blast  in  times  of  gale.      In 
case   of  an  obstruction,    which   interferes   with   the   action    of 
the  wind,  a  dune  forms  equal  in  height  to  the  obstacle.      A 
great  deal  of  the  land  on  these  islands  is  now  occupied    by 
resorts ;   it  is  all  in  fact  owned  by  private   parties,  and   is  in 
places  extremely  valuable.     But  here  and  there  are  tracts  of 
wild,  shifting  dunes.     At  Avalon  there  is  a  huge  dune,  caused 
])y  a  dense  forest  which  is  being  slowly  but  surely  engulfed. 
The  dune  begins  just  above  high-water  mark,  and  then  extends 
inland,  gradually  increasing  in  height  until  its  summit  is  even 
with  the  foliage  of  the  trees.     It  is  a  peculiar  scene  from  the 
top  of  this  dune  ;  on  the  land  side  there  is  a  dense  mass  of  dark 
j^recn  foliage,  l)eyond  which  there  is  the  broad  expanse  of  green 
salt  marshes  with  their  bays  and  thoroughfares.*     On  the  ocean 
side,  slopinj^  to  the  breakers,  there  is  a  huge  mass  of  fine  sea- 

*  A  waterway  from  one  bay  to  another  is  called  a  "  thoroughfare  "  along  the  Jersey  coaat. 
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cedar.  The  holly  thrives  here,  reaching  a  much  larger  size 
than  on  the  mainland,  apparently  enjoying  the  moist,  salt 
atmosphere  and  loose  sand.  It  is  a  dune-tree  par  excellence. 
Its  limbs  are  close  and  jagged,  in  striking  contrast  to  the 
pyramidal,  symmetrical  holly  trees  of  the  inland  open  field.  Its 
prickly  foliage  is  dense  and  dark  green,  and  its  crown  is  flat. 
It  produces  rich  red  berries  in  profusion,  and  its  bole  is  bright 
gray  in  color,  rugged  and  sturdy.  It  is  not  uncommon  to  find 
two  hollies  grown  tog^her,  or  the  limb  of  one  tree  growing 
into  another  tree,  or  a  limb  bending  down  and  uniting  with  the 
trunk,  forming  what  the  natives  call  **jug-handles."  Those  who 
are  familiar  with  the  region  will  never  forget  these  groups  of 
hollies,  nor  the  masses  of  aromatic  red  cedars  with  limbs  fes- 
tooned with  gray  lichens.     (See  plates  XXI,  XXII  and  XXIII.) 

There  is  but  little  danger  lurking  in  these  sand-hills.  They 
are,  in  this  respect,  unlike  the  dunes  of  Gascony,  which,  if 
roblxid  of  their  forests,  would  bury  villages.  The  Jersey  dunes 
are  so  wild  and  picturesque  that  many  prefer  to  let  them  have 
their  way ;  but  the  scenes  on  these  beaches,  so  attractive  apd 
peculiar  to-day,  are  destined  to  lose  much  of  their  charm  by 
being  transfonned  into  resorts  for  recreation  and  pleasure. 

How  lacking  in  shade  and  attractiveness  are  our  American 
sea-shore  resorts  in  comparison  with  those  of  the  Old  World ! 
Look  at  Arcachon  (see  plate  XXVIII),  for  instance,  with  its 
summer  village  by  the  shore  and  its  winter  village  of  beautiful 
villas  in  the  midst  of  a  magnificent  pine  forest ;  or  at  the  famous 
Dutch  resort,  Scheveningen,  with  its  beautifully  shaded  avenues  ; 
or  Domberg  (see  plate  XXV),  or  anywhere,  in  fact,  in  the  lee  of 
the  dune,  which  protects  the  farm-land  where  the  industrious 
Dutch  have  ])eautiful  villas  in  the  midst  of  the  woods.  Sand- 
bars and  mud-flats  should  never  be  despised,  and  a  countr\-  close 
U)  the  sea  enjoys  many  advantages  of  which  its  people  are  not 
always  con.scious. 

The  utilization*  of  the  forests  of  America  l)egan  with  the 
Indian.  The  Coastal  Plain  of  New  Jersey,  however,  was  verv 
sparsely  inhabited  before  Kuropeans  landed.  Here  and  there 
alonjL^  the  rivers  may  he  seen  the  vestiges  of  Indian  villages,  pt»l- 

*  <  >ne  often  hears  and  reads  (he  statement  that  the  branch  of  forestry  called  "  forest  utilisation  **  and 
"  luinbering  "  are  synonymous.  Thi^  is  a  mistake  in  that  lumbering  is  no  more  forestry  than  the  pickies 
of  wild  fruits  is  agriculture. 
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sand,  out  of  which  project  the  jagged  trunks  and  limbs  of 
smothered  trees.  The  fine  sand  sifts  into  shoes,  pockets,  cloth- 
ing and  hair.  It  comes  fresh  from  the  great  ocean-mill,  ascends 
the  surface  of  the  dune,  and  falls  over  its  crest  into  the  forest. 
When  a  stiff  breeze  is  blowing  it  skims  along  like  drifting  snow, 
and  shoots  from  the  summit  of  the  dune,  trimming  the  tops  of 
the  trees  as  flat  as  though  shorn  with  shears.* 

If  these  forests  are  what  cause  the  dunes,  by  preventing 
the  west  wind  from  blowing  back  the  sand,  how  did  the  forests 
form  ?  Single  trees  here  and  there,  or  groups  of  trees,  which 
are  clean  underneath,  so  that  the  west  wind  sweeps  through 
without  serious  interruption,  do  not  cause  the  formation  of  dunes. 
In  the  course  of  time,  however,  a  thicket  forms  under  these 
trees.  They  become  covered  with  grape  vines,  Virginia-creepers 
and  green-briars.  The  birds  and  winds  scatter  the  seeds  of 
many  sorts  of  shrubs  and  bushes,  such  as  Pruntis  maritima^ 
sweet-gale,  Baccharis  halhnifolia^  etc.,  etc.,  until  a  dense  forest 
is  formed  through  which  the  west  wind  cannot  penetrate,  the 
consequence  of  which,  in  the  course  of  time,  is  a  dune,  which  in 
turn  finally  engulfs  and  kills  the  forest  that  had  caused  it.t 

It  is  a  mistake  to  suppose  that  this  sand  is  sterile  because  it 
appears  barren.  True,  it  consists  mainly  of  granules  of  quartz, 
"but  these  are  extremely  fine,  the  interstices  are  small,  and  the 
capillarity  great  in  consequence ;  mixed  with  it  are  particles  of 
shells  and  other  materials,  organic  and  inorganic,  which  are  in 
the  ocean,  working  down  the  coast  until  washed  ashore  and 
shifted  with  the  sand. 

The  forest  at  Avalon  is  so  dense  that  many  birds  seek  shelter 
there.  The  principal  trees  of  these  beaches  are  the  holly  {Ilex 
opacci)^  the  red-cedar  {Junipems  virginiand)^  the  sour  or  black- 
gum  {Nyssa  sylvatica\  magnolia  {M.  glaiicd)^  wild-cherry 
{Prumis  s€rotina\  hackberr>'  {Celiis  occidentalis\  sassafras, 
swamp-maple  {Acer  rubnim)^  and  a  few  oaks,  and  pitch-pines 
and  even  red-miilberrv'.  The  commonest,  and  by  far  the  most 
characteristic,    trees    of   the    beaches    are    the    holly    and  red- 

*  I  am  of  the  opinion  that  the  shapes  of  trees  along  our  coast  is  due  more  to  the  sand-blast  than  to  the 
direct  action  of  the  wind.  This  also  limits  the  number  of  species.  Those  plants  with  foliage  best  able  to 
withstand  this  sand-blast  are  the  ones  which  grow  nearest  the  sea. 

t  By  clearing  away  the  underbrush  and  trimming  the  trees  to  let  the  west  wind  through,  it  might  be 
possible  in  sereral  places  along  the  coast  to  dispel  the  dnnes  and  prevent  their  Inture  fonnation. 


252      GEOLOGICAL  SURVEY  OF  NEW  JERSEY. 

cedar.  The  holly  thrives  here,  reaching  a  much  larg^er  size 
than  on  the  mainland,  apparently  enjoying  the  moist,  salt 
atmosphere  and  loose  sand.  It  is  a  dune-tree  par  excellence. 
Its  limbs  are  close  and  jagged,  in  striking  contrast  to  the 
pyramidal,  symmetrical  holly  trees  of  the  inland  open  field.  Its 
prickly  foliage  is  dense  and  dark  green,  and  its  crown  is  flat. 
It  produces  rich  red  berries  in  profusion,  and  its  bole  is  bright 
gray  in  color,  rugged  and  sturdy.  It  is  not  uncommon  to  find 
two  hollies  grown  together,  or  the  limb  of  one  tree  growing 
into  another  tree,  or  a  limb  bending  down  and  uniting  with  the 
trunk,  forming  what  the  natives  call  '* jug-handles."  Those  who 
are  familiar  with  the  regicm  will  never  forget  these  groups  of 
hollies,  nor  the  masses  of  aromatic  red  cedars  with  limbs  fes- 
tooned with  gray  lichens.     (See  plates  XXI,  XXII  and  XXIII.) 

There  is  but  little  danger  lurking  in  these  sand-hills.  They 
are,  in  this  respect,  unlike  the  dunes  of  Gascony,  which,  if 
robl^ed  of  their  forests,  would  bur\*  villages.  The  Jersey  dnnes 
are  so  wild  and  picturesque  that  many  prefer  to  let  them  have 
their  wa}' ;  but  the  scenes  on  these  beaches,  so  attractive  apd 
peculiar  to-day,  are  destined  to  lose  much  of  their  charm  by 
being  transformed  into  resorts  for  recreation  and  pleasure. 

How  lacking  in  shade  and  attractiveness  are  our  American 
sea-shore  resorts  in  com])arison  with  those  of  the  Old  World  ! 
Look  at  Arcachon  (see  plate  XXVIII),  for  instance,  with  its 
summer  village  by  the  shore  and  its  winter  village  of  beautifiil 
villas  in  the  midst  of  a  magnificent  pine  forest ;  or  at  the  famous 
Dutch  resort,  Scheveningen,  with  its  Ix^autifully  shaded  avenues  ; 
or  I)onil)erg  (see  plate  XXV),  or  anywhere,  in  fact,  in  the  lee  of 
the  dune,  which  protects  the  farm-land  where  the  industrious 
Dutch  have  lK\'Uitiful  villas  in  the  midst  of  the  woods.  Sand- 
bars and  mud-flats  should  never  l)e  despised,  and  a  country  close 
to  the  sea  enjoys  many  advantages  of  which  its  jxfople  are  not 
always  conscious. 

The  utilization*  of  tlie  forests  of  America  l)egan  with  the 
Indian.  Tlie  Coastal  Plain  of  New  Jersey,  however,  was  very 
sparsely  inhabited  U-foru  ICuropeans  landed.  Here  and  therc 
along  the*  rivers  may  hi-  seen  the-  vestii^cs  of  Indian  villages,  jx»l- 

*  ( >iic  often  heiirs  and  read>  thr  statement  that  the  branch  of  forestry  called  "  (ore»t  utilisation  "  and 
"  lumbering  "  are  synonymous.  Tlii>  :s  .1  miM.tke  in  ihm  lumbering  it  no  more  forestry  than  the  picking 
of  wild  fruits  is  .)>:ricuiture.  ' 
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cedar.  The  holly  thrives  here,  reaching  a  much  larger  size 
than  on  the  mainland,  apparently  enjoying  the  moist,  salt 
atmosphere  and  loose  sand.  It  is  a  dune-tree  par  excellence. 
Its  limbs  are  close  and  jagged,  in  striking  contrast  to  the 
pyramidal,  symmetrical  holly  trees  of  the  inland  open  field.  Its 
prickly  foliage  is  dense  and  dark  green,  and  its  crown  is  flat. 
It  produces  rich  red  berries  in  profusion,  and  its  bole  is  bright 
gray  in  color,  rugged  and  sturdy.  It  is  not  uncommon  to  find 
two  hollies  grown  together,  or  the  limb  of  one  tree  growing 
into  another  tree,  or  a  limb  bending  down  and  uniting  with  the 
trunk,  forming  what  the  natives  call  **  jug-handles."  Those  who 
are  familiar  with  the  region  will  never  forget  these  groups  of 
hollies,  nor  the  masses  of  aromatic  red  cedars  with  limbs  fes- 
tooned with  gray  lichens.     (See  plates  XXI,  XXII  and  XXIIL) 

There  is  but  little  danger  lurking  in  these  saind-hills.  They 
are,  in  this  respect,  unlike  the  dunes  of  Gascony,  which,  if 
robbed  of  their  forests,  would  bury  villages.  The  Jersey  dunes 
are  so  wild  and  picturesque  that  many  prefer  to  let  them  have 
their  way ;  but  the  scenes  on  these  beaches,  so  attractive  apd 
peculiar  to-day,  are  destined  to  lose  much  of  their  charm  by 
being  transformed  into  resorts  for  recreation  and  pleasure. 

How  lacking  in  shade  and  attractiveness  are  our  American 
sea-shore  resorts  in  comparison  with  those  of  the  Old  World ! 
Look  at  Arcachon  (see  plate  XXVIII),  for  instance,  with  its 
summer  village  by  the  shore  and  its  winter  village  of  beautiful 
villas  in  the  midst  of  a  magnificent  pine  forest ;  or  at  the  famous 
Dutch  resort,  Scheveningen,  with  its  beautifully  shaded  aventies  ; 
or  Domberg  (see  plate  XXV)>  or  anywhere,  in  fact,  in  the  lee  of 
the  dune,  which  protects  the  fann-land  where  the  industrious 
Dutch  have  l>eautiful  villas  in  the  midst  of  the  woods.  Sand* 
bars  and  mud-flats  should  never  Ix?  despised,  and  a  countr\-  close 
to  the  sea  enjoys  many  advantages  of  which  its  people  are  not 
always  conscious. 

The  utilization*  of  the  forests  of  America  l)egan  with  the 
Indian.  The  Coastal  IMain  of  New  Jersey,  however,  was  very 
sparsely  inhabited  before  KurojK-ans  landed.  Here  and  there 
along  the  rivers  may  be  seen  the  vesti.v:es  of  Indian  villages,  pil- 

*  ( )ne  often  hears  and  reads  the  statement  that  the  branch  of  forestry  called  "  forest  ntUiiatton  "  and 
"  lunibcring  "  are  synonymous.    Thib  i&  a  mistake  in  that  lumbering  is  no  more  forestry  than  the  picking 

of  wild  fruits  is  agriculture.  ' 
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sherds,  broken  shells,  bones  and  bits  of  jasper.  At  certain  times 
of  the  year  large  numbers  crossed  the  State  to  enjoy  for  a  time 
the  bathing  and  fruits  of  the  sea,  but  the  permanent  population 
was  never  large.  The  Indian  of  New  Jersey  domesticated  no 
animals  and  cultivated  only  a  few  plants.  His  clumsy  stone 
implements  were  so  unwieldy  and  impotent  that  he  was  unable 
to  exterminate  animals  or  cut  down  forests.*  He  depended 
mainly  upon  the  fruits  and  animals  of  the  woods.  He  needed 
only  wood  for  fuel,  which  was  everywhere  plentiful,  and  white- 
cedar  logs,  out  of  which  to  shape  his  canoes.  The  rivers  were 
his  highways,  the  canoe  his  conveyance.  Fires,  no  doubt,  were 
set  both  accidentally  and  purposely  by  the  Indian,  but  in  South- 
ern New  Jersey  they  were  probably  infrequent,  and  did  compar- 
atively little  damage.  Indians  in  parts  of  Western  America  still 
fire  the  bushf  to  facilitate  hunting.  They  desire  open  prairies 
and  intervales  for  their  game.  In  many  places  east  of  the  Missis- 
sippi river,  after  the  Indians  departed,  prairie  fires  which  they 
had  purposely  set  every  year,  became  less  frequent,  and  forest 
vegetation  in  consequence  began  to  appear  in  the  open  land. 

He  has  left  his  impress  upon  the  country  however,  and  Indian 
words  are  indelibly  attached  to  many  localities,  and  to  the  names 
of  many  plants  and  animals,  such  as  persimmon,  chinkapin,  hick- 
ory, tamarack,  mahogany,  pecan,  etc. 

Although  the  Algonquin  Indian  of  New  Jersey  was  dependent 
upon  the  forest  and  still  in  a  primitive  state,  he  cultivated  small 
patches  of  maize  and  perhaps  other  vegetables,  and  was  familiar 
with  the  edible  wild  plants.  From  the  Indian  the  whites  learned 
of  a  tree  {Acer  sacchartini)  with  a  sweet  palatable  sapt  that  grew 

•  "  The  chief  use  of  the  hatchets  among  the  Delaware  Indians  of  New  Jersey,"  says  Kalm,  "  was  to 
make  good  fields  for  maize  plantations.  If  the  ground  was  covered  with  woods,  they  cut  off  the  bark  all 
round  the  trees  with  their  hatchets  at  a  time  when  they  lose  their  sap.  The  trees  thus  girdled  died,  and 
the  ground  was  a  little  turned  up  with  crooked  or  sharp  branches  " 

fThe  term  "bush"  is  a  peculiar  one.  It  usually  means  a  single  low  woody  plant.  In  certain 
regions,  however,  it  is  applied  to  a  wild  forest  with  a  dense  underbrush.  The  sugar  maple  forest  or 
orchard  is  sometimes  called  the  "sugar-bush."  The  word  in  Dutch  is  "bosch,'*  and  means  forest,  and, 
no  doubt,  the  Hollanders  were  the  first  to  apply  it  in  this  sense  in  South  Africa  and  America.  The  word 
"  bois  "  in  French  and  "  bosco  "  in  Italian  are  probably  modifications  of  the  same  word.  There  is  an  old 
English  word  "  boscage,"  which  means  a  thicket  or  woodland  growth.  In  old  English  law  boscage 
meant  food  for  cattle  derived  from  trees  or  bushes,  also  a  tax  on  wood  brought  into  a  city. 

^Col.  Wm.  Fox,  in  his  paper  on  the  maple-sugar  industry,  in  the  latest  report  of  the  New  York  State 
Forest  Game  and  Fisheries  Commission,  says :  "  For  our  first  knowledge  of  this  product  we  are 
indebted  to  the  North  American  Indian,  the  same  people  who  gave  us  com  and  tobacco.  From  the 
records  of  the  earliest  explorers  on  this  continent  it  appears  that  the  Indians  tapped  the  maples,  gathered 
the  sap  in  rude  receptacles,  and  boiled  it.  The  first  white  settlers  used  the  same  methods,  which  substan- 
tially remain  unchanged  to  day." 
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in  the  northern  mountains.  The  settler,  in  times  of  famine, 
often  appealed  to  the  Indian,  and  many  of  the  fruits  and  vege- 
tables upon  which  he  fed  have  been  since  neglected.  The  Indian- 
club  and  the  Indian-fig,  for  instance,  two  of  his  important  food- 
plants,  are  perhaps  worthy  of  cultivation  and  improvement.* 

The  Indian  of  New  Jersey  was  soon  superseded  by  the  settler^ 
who,  provided  with  two  powerful  implements — the  axe  and  the 
gun — cleared  small  patches  of  land,  and  built  cabins  along  the 
rivers.  Trapping  was  the  settler's  first  occupation  and  peltr>'  t 
was  one  of  the  first  and  most  important  products  of  the  virgin 
forest.  Hunting  and  trapping  in  early  times  were  hazardous, 
but  often  lucrative  occupations.  The  forest  was  difficult  to  clear, 
and  just  as  the  young  poplars  to-day  harass  the  New  England 
fanner,  by  invading  his  pastures,  and  the  mink  and  fox  rob  the 
hennery,  so  in  early  times  a  hundred-fold  more  bothersome  were 
the  suckers  and  seedlings,  and  animals  from  the  woods  between 
the  clearings.  Fire  was  freely  used,  and  from  the  ashes  potash 
was  extracted  by  leaching.  This  lixivium,  by  mixing  with 
grease  produced  soft-soap,  which  is  still  manufactured  by  conntr>' 
people.  In  many  places  to-day  wood  is  extensively  burnt  for  its 
ashes  and  used  as  a  fertilizer. 

Soon  shipbuilding  developed  into  an  important  industr}-.  Oak 
and  pine  of  the  finest  kinds  were  plentiful.  Saw-mills  were 
built  along  the  streams,  and  lumber  was  shipped  even  to  the 
West  Indies  in  exchange  for  rum,  sugar  and  molasses.  The 
construction  of  schooners  continued  until  recent  times  to  be  an 
important  industry.  Now,  only  small  sloops,  scows  and  bateaux 
are  built.  Ships  of  iron,  propelled  by  steam,  have  superseded 
the  clipper. 

*  It  may  often  be  the  humblest  and  least  conspicuoas  plants  which  yield  the  richest  fDod  nuucrials, 
and  not  always  the  major  forest  products  which,  considering  labor  and  time,  yield  the  largest  recma. 
The  salep  of  Turkey  and  the  truffles  of  France  are  excellent  examples.  Salep  is  a  fitfinaceoas  food 
obtained  from  the  tubers  of  wild  orchids.  It  contains  a  substance  called  hassorine,  which  is  very  notn- 
^ious.  Over  ^3,000,000  worth  of  truffles  are  exported  annually  from  France.  They  come  mostly  froaa 
Perigord,  and  grow  in  limestone  regions  on  the  roots  of  oaks. 

t  Several  wild  animals  have,  and  perhaps  others  might  be,  profitably  bred  for  their  pelts.  The 
skunk  {Mtphitis  mephitica),  one  of  the  commonest  and  most  disagreeable  of  all  the  animals  of  Eastern 
America,  produces  a  salable  fur  called  "Alaska  sahle,"  and  in  spite  of  the  facts  that  it  emits  a  aaaseatiag 
odor  and  that  a  kind  of  hydrophobia  results  from  its  bite,  has  been  kept  in  confinement  and  bred  for  its 
skin.  The  mink  has  been  tamed  and  reared  in  minkeries  in  New  York  State.  It  has  been  said  that  a 
mink  is  as  profitable  as  a  cow.  Coues,  in  his  "  Fur-bearing  Animals  of  North  America/'  says :  '*  Were 
not  fashion  so  notoriously  capricious,  mink  pelts  would  maintain  a  conspicuous  place  in  the  fur-amrts  o^ 
the  world ;  certainly  few  surpass  them  in  richness  of  color,  gloss  and  fineness  *' 
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Scattered  here  and  there  throughout  the  Pines  are  the  remains 
of  what  were  once  centers  of  a  flourishing  industry-.  This 
was  the  manufacture  of  iron  from  bog  ore  (limonite).  In  some 
places  the  furnaces  and  forges  have  been  completely  obliterated 
and  forgotten ;  in  others  only  bits  of  black  slag  remain^ 
while  in  others  the  ruins  are  still  standing.  These  centers 
of  industry,  usually  located  in  the  neighborhood  of  streams 
and  bogs,  were  connected  by  stage  routes,  along  which  here 
and  there  were  clearings  and  taverns.  Immense  quantities  of 
charcoal  were  consumed  by  these  forges  and  furnaces,  the  owners 
of  which  usually  possessed  the  land  for  several  miles  in  every 
direction.  Wood  in  those  days  was  in  demand,  and  coalings  were 
frequent.  Even  after  the  iron  industry  in  the  Pines  succumbed, 
charcoal  was  shipped  to  the  cities  by  schooners  in  large  quan- 
tities. Owing  to  the  abundance  of  other  forms  of  coal,  the  demand 
for  charcoal  has  gradually  decreased.  Along  the  rivers  there 
were  many  depots  to  which  the  charcoal  was  carted,  which  are 
still  in  evidence,  owing  to  the  great  masses  of  coal-dust  which 
accumulated  there.  Coal  and  iron  were  worked  side  by  side 
in  the  neighboring  State  of  Pennsylvania,  transportati6n  by 
rail  increased  the  competition ;  the  iron  industry  in  the  Pines 
was  unable  to  survive,  and  with  it  faded  the  manufacture  of 
charcoal,*  and  the  value  of  coal-wood.  The  ruins  of  furnaces, 
the  large  dilapidated  houses,  the  overgrown  roads,  the  wharves, 
the  piers,  the  old  ship-yards,  and  the  masses  of  coal-dirt  on  the 
landings  are  evidences  of  what  the  country  was  when  iron  was 
made  from  bog-ore,  and  when  schooners  were  built  to  trade  to 
foreign  lands.  The  woods  were  full  of  men  hewing  timbers, 
cutting  coal-wood,  working  in  the  coalings,  raising  bog-ore  and 
carting  materials  from  place  to  place.  The  death  of  these  indus- 
tries, however,  is  only  the  result  of  progress.  In  the  develop- 
ment of  the  whole  of  a  countr\',  certain  parts,  although  they 
may  have  once  played  an  important  rule,  must  suffer.  In  the 
course  of  its  development  almost  ever\'  country  is  subjected  to  a 
series  of  industrial  ups  and  downs. 

Another  peculiar  old-time  industry  was  the  mining  of  cedar. 
The  bed  of  a  cedar  swamp  is  a  mass  of  forest  detritus,  several 

*  It  te  onfortuDate  that  so  little  charcoal  is  used  in  the  American  household.  The  fine  flavor  of 
French  cookery  is  partly  due  to  the  use  of  an  excellent  quality  of  charcoal.  Other  kinds  of  coal  and  wood 
emit  gases  in  the  process  of  combiution  which  taint  food  more  or  less,  and  for  successful  broiling  charcoal 
and  the  bnuner  are  necessary. 
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feet  in  depth,  in  wliicli  there  are  logs  of  white-cedar  perfectly 
preserved  and  excellent  in  quality.  The  white-cedar,  like  the 
cypress  of  the  South,  reaches  a  ripe  old  age.  Over  one  thou- 
sand annual  rings  have  been  counted  in  buried  stumps  six  feet  in 
diameter,  and,  judging  from  fallen  trunks,  the  age  of  these 
swamps  is  many  centuries.  It  establishes  the  fact  beyond  a 
doubt  that  the  white-cedar  has  been  growing  in  South  Jersey 
for  ages,  and  that  it  is  perfectly  at  home  there  in  every  sense  of 
the  word.  The  wood  of  many  of  these  buried  logs  is  sound  and 
light.  These  were  dug  out,  sawn  into  billets,  and  split  by  hand 
into  what  were  called  ^^  mud-shingles,''  which  last  for  many 
years.  * 

It  seems  strange  that  the  mining  of  cedar,  when  wood  was 
plentiful,  should  be  more  profitable  than  at  present,  when  white- 
cedar  is  scarce  and  poorer  in  quality.  Lumber  is  cheaper  in 
parts  of  Eastern  America  to-day,  however,  than  it  was  a  quarter 
of  a  century  ago.  This  is  due  to  the  fact  that  a  much  wider 
field  has  been  brought  into  competition  by  the  development  of 
railroads,  and  special  long-distance  freight  rates  from  regions 
whei^  timber  is  still  plentiful,  and  where  very  complete,  labor- 
saving,  wholesale  methods  of  working  it  are  in  practice. 

The  production  of  tar  was  not  very  extensively  developed, 
and  lasted  only  for  a  short  time.  The  existence  of  the  industr>' 
was  due  to  the  peculiar  exigencies  of  the  times.  During  the 
Civil  War  the  North  was  deprived  of  necessary  naval  stores,  for 
which  the  ship-chandlers  were  willing  to  pay  enonnous  prices. 
The  natives  of  southern  New  Jersey  took  advantage  of  this 
opportimity  and  collected  large  quantities  of  **  fat-pine  knots/' 
out  of  which  they  manufactured  tar. 

At  one  time  the  splitting  of  hoop-poles  for  barrel-hoof)s  was 
an  important  industry.     Coppice  oak  was  used  for  the  purpose. 


*  Id  "  mining  "  cedar  logs  a  great  deal  of  skill  and  experience  was  required.  Of  course,  away  of  cbc 
trees  in  the  swamp  were  worthless  when  they  fell.  The  person  in  search  of  akingle  logs,  th«r«lore.  fiist 
sounds  the  swamp-bottom  with  an  iron  rod.  When  he  finds  a  solid  log,  he  notes  its  position,  siae  aad 
length.  With  a  sharp  spade  and  axe  he  cuu  down  to  it,  in  order  to  secure  a  chip  of  it,  from  wliidi  b«  is 
able  to  tell,  especially  by  the  smell,  whether  it  was  uprooted  by  the  wind  or  broken  off  above  th«  grooad. 
In  the  first  case  it  is  apt  to  be  mach  sounder  and  better.  If  satisfactory,  he  digs  a  trench  alone  its  length, 
and  saws  it  off  at  both  ends.  The  hole  he  has  dug  soon  fills  with  water,  and,  after  the  lof  has  b««a  00a- 
pletely  loosened,  it  rises  and  floats,  being  surprisingly  buoyant.  It  turns  over  also,  at  the  same  tiac, 
being  lighter  and  fresher  in  appearance  on  the  underside.  It  is  then  rolled  ottt  of  the  bed  where  it  has 
rested  many  years,  is  sawn  into  proper  lengths,  and  split  into  shingles.  There  is  still,  no  doubt,  bnried 
cedar  in  the  swamps  of  South  Jersey,  but  although  fine  in  quality,  it  requires  so  much  labor  to  vtvk  it 
that  it  is  no  longer  profitable. 
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Owing  to  the  substitution  of  bags  for  barrels  and  iron  for  wooden 
hoops,  there  is  practically  at  present  no  demand  for  hoop-poles. 
At  one  time  many  people  found  employment  in  gathering  the 
leaves  of  the  upland  sumac*  These  were  ground  at  the  mills 
and  were  used  for  tanning. 

The  principal  industries  of  the  present  are  the  cutting  of 
wood  for  fuel  and  the  working  of  timber  for  constructive  pur- 
poses. Several  minor  products  of  more  or  less  importance  are 
also  collected. 

Wood  for  fuel  may  be  divided  into  two  classes — pole-wood 
and  cord-wood.  When  small-sized  trees  are  cut  in  the  pole 
stage,  such  as  oak  coppice,  they  are  merely  stripped  of  their 
branches,  and  are  not  divided  into  regular  lengths,  and  are  sold 
as  pole-wood,  which  is  consumed  locally  and  bought  and  sold 
by  the  one-horse  or  two-horse  wagon-load.  This  wood  is  abund- 
ant and  has  little  worth.  If  killed  by  fire,  as  is  often  the  case, 
it  is  not  seriously  injured  for  fuel,  although  slightly  charred, 
and  often  disagreeable  to  handle.  Large  quantities  of  this  wood 
may  be  had  for  the  asking.  The  person  who  sells  pole-wood 
usually  receives  little  more  than  his  labor  is  worth  in  cutting 
and  delivering  it  to  the  purchaser. 

Cord-wood  t  is  cut  into  sticks  four  feet  long,  and  split  once. 
It  is  usually  either  pure  pine  or  oak,  sometimes  mixed.  If  located 
near  a  railroad  or  along  a  good  wagon-road,  there  is  a  slight 
margin  of  profit  in  this  \Vood.  In  many  parts  of  the  Coastal 
Plain  of  New  Jersey  it  has  no  worth,  because  the  cost  of  cutting 
and  transportation  is  equal  to  or  even  more  than  the  market 
price.  Often,  however,  if  the  owner  has  teams  of  his  own,  he 
cuts  the  wood  when  slack  of  other  work  and  transports  it  in 
order  to  furnish  himself  with  labor.     His  wood-land  really  has 


*  The  chestnut  oak  ( Qutrcus  /rinus)  fnrnishes  the  best  tanning  material  of  eastern  trees.  It  is 
hardly  safe  to  recommend  the  planting  ot  trees  for  tan-bark  owing  to  the  fact  that  other  means  of  tanning 
are  in  process  of  development,  and  new  and  perhaps  better  methods  are  liable  to  replace  the  old.  There 
are  a  few  people,  however,  who  believe  that  oak  bark  will  be  worth  more  a  few  years  hence.  The  use  of 
quebracho,  from  South  America,  has  had  an  important  effect  on  this  industry,  but  quebracho  wood  and 
hemlock  will  not  last  forever.  The  chestnut-oak  is  common  in  South  Jersey,  and  one  shotild  have  no 
hesiution  in  planting  it.  It  grows  fairly  well  in  the  shade  of  pine  trees.  In  spite  of  the  use  of  many  other 
tanning  materials,  the  choicest  leather  is  "  oak-tanned." 

A  cord,  in  Jersey,  is  four  feet  wide,  four  feet  high  and  eight  feet  long.    It  contains  eight  cord  feet 
or  one  hundred  and  twenty-eight  cubic  feet,  or  3.6a  cubic  meters. 
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little  intrinsic  value.*  It  is  merelv  a  means  to  an  end.  It 
pays,  however,  to  convert  the  straight  limbs  and  tops  of  trees^ 
from  which  saw-logs  have  been  cut,  into  cord-wood.  South 
Jersey  has  to  compete  in  the  production  of  cord-wood  with  the 
woodland  along  the  rivers  of  the  neighboring  States  of  Delaware^ 
Maryland  and  Virginia,  where  a  large  negro  population  exists^ 
which  is  skillful  with  the  axe  and  willing  to  work  for  small 
wages. 

The  production  of  fuel-wood  in  South  Jersey,  however,  will 
always  take  care  of  itself  Woods  should  be  managed,  therefore^ 
with  saw-stuff  in  view.  Good  lumber  t  is  scarce  and  high  in 
price,  while  fuel-wood  %  has  practically  no  value  whatever. 

Much  could  be  said  of  chopping  in  general,  and  the  imple- 
ments and  methods  in  use  of  felling  and  converting  trees.  The 
American  axe,  the  most  perfect  and  useful  of  OTdinar>'  imple- 
ments, is  worthy  of  a  chapter  in  itself  Intelligent  chopping 
should  be  classed  as  skilled  labor ;  in  fact,  by  a  judicious  use  of 
the  axe  in  the  hands  of  a  person  with  an  exact  knowledge  of  the 
conditions  which  obtain,  it  is  often  possible  to  bring  order  out 
of  chaos  and  correct  the  work  of  careless  slashers.  § 

It  requires  only  a  short  space  to  describe  the  handling  of  tim- 
ber in  South  Jersey.  There  is  no  rafting,  no  skidways,  no  lum- 
ber camps.     All  this  belongs  to  the  past,  when  ship-building 

*A  few  yean  ago  wood  was  sold  in  Philadelphia  from  South  Jersey  for  the  porpoteof  dry  disdUatxm. 
There  are  several  establishments  of  this  kind  in  neighboring  States.  I  £sil  to  see  why  this  mdnsiry  coald 
not  exist  in  South  Jersey  as  well  as  elsewhere.  It  is  an  industry  which  woald  use  the  roofh  wood,  for 
which  there  is  no  market,  and  which  rots  in  the  forest.  There  are  many  dry  distiUatioo  plasts  ia  New 
York  and  Pennsylvania,  and  the  demand  for  the  product  is  constantly  on  the  ii 


t  The  terras  "  timber  "  and  "  lumber  "  are  used  in  a  peculiar  way  in  America.  Lumber 
stuff  in  merchantable  form.  It  means  also  disused  articles  or  discarded  goods  of  any  kind,  and,  acconb^ 
to  some  authorities,  it  is  a  modification  of  the  word  Lombard,  the  Lombards  having  bees,  in  early  tinMS, 
famous  pawnbrokers.  Although  the  word  lumber  only  means  sawn  or  dressed  stnff,  the  term  Inmbcnnaa  is 
applied  to  a  forest  proprietor,  a  lumber  merchant,  or  a  worker  of  timber.  Timber  is  apf»lied  to  large  aiaad 
sawn  or  dressed  stuff,  and  to  the  forest  of  trees  large  enough  to  produce  nich  material.  Soch  a  for««  to 
designated  "  standing  timber."  "  Timber-culture  "  is  used  instead  of  silvicttltore,  aiul  the  farm  **  stoap- 
age  "  means  standing  timber,  considered  with  reference  to  its  value  for  cutting,  to  called  >*TfnM^  tlM 
amount  cut  is  ascertained  by  counting  and  measuring  the  stumps. 


X  A  chopper  should  cut  the  tree  close  to  the  ground,  leaving  a  clean-cnt  sloping  or  ] 
This  leu  the  water  off,  prevents  decay,  and  produces  a  vigorous  coppice.  The  slashings  should  ba  piled 
in  open  places  and  burnt  where  there  is  no  danger  of  the  flames  injuring  neighboring  trees.  Always  pto> 
tect  the  young  growth,  favor  the  most  useful  kinds,  and  never  forget  that  they  are  the  auiteriato 
which  the  future  forest  is  formed. 

g  It  would  be  diflBcult  to  find  an  apter  term  for  the  common  run  of  wood*choppeni  than  "i 
and  the  lumbermen  themselves  have  aptly  applied  the  term  "  slashings"  to  the  inunenec  iriliri  nf  rabbiih 
which  they  leave  in  their  wake.  It  is  this  slash  which  brings  disaster  to  the  woods  !>fmii»g  of  its  neat 
combustibility. 
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was  an  important  industry.  The  writer  can  just  remember  the 
long  line  of  mule  teams,  bound  to  the  shipyards  on  the  shore, 
with  long  straight  stems  of  the  oak  and  smooth-bark  pine.  The 
logs  are  now,  usually,  short  and  small,  the  roads  are  good  and 
level,  so  that  with  the  help  of  a  couple  of  skids,  cant-hooks  and 
parbuckles  the  handling  of  logs  is  a  simple  operation. 

The  saw-mills  are  simple  in  nature  and  only  work  lumber  for 
local  demands,  finding,  however,  in  the  resorts  along  the  shore  a 
good  market  for  building  materials. 

The  income  from  the  gathering  of  wild  fruits  is  probably 
equal  to,  if  not  more  than  the  yield  from  fire-wood.  The  most 
important  of  these  are  the  cranberr>',  huckleberry  and  blueberry. 

The  cranberry  {Oxycocais  macrocarpon"^)  is  now  extensively 
cultivated.  It  keeps  well  throughout  the  winter,  and  fonns  a 
rich  crimson  sauce,  which  is  relished  with  turkey.  Large 
quantities  of  these  berries  are  exported  to  other  States,  and 
even  to  foreign  countries. 

The  high-bush  blueberry t  {yacciniiim  corymbosuni)^  which 
reaches  perfection  in  the  swamps  of  South  Jersey,  has  never 
been  cultivated.  It  is  preferred  by  many  to  all  other  wild  fruits. 
It  reaches  the  dimensions  of  a  large  shrub,  if  not  a  small  tree, 
on  rich,  moist,  loose  soil.  The  quality  of  the  berries  can  be 
easily  improved  by  trimming.  The  natives  know  this  and 
accomplish  it  in  a  drastic,  wholesale  fashion  by  firing  the  woods. 
The  young  shoots  which  spring  up  after  a  fire  bear  large  luscious 
berries. 

The  wild  grapes  are  also  abundant.  The  fox  grape  {litis 
lahnisca),  is  plentiful  in  the  swamps,  the  vines  of  which  often 
form  luxuriant  tangles  in  the  tops  of  the  trees.  The  fruit  is 
dark  purple  or  amber  in  color,  with  a  tough  pulp,  but  delicious 
musky  aroma,  and  famous  for  jelly. 

The  persimmon  tree  (Diospyros  virginiana)  bears  an  abund- 
ance of  rich  fruit.  The  improvement  of  this  fruit  by  grafting 
has  begim.  At  present,  when  a  little  green,  the  fruit  is  puckerv' ; 
when  ripe,  too  soft ;  it  is  also  too  small  and  has  too  many  seeds. 

*  The  term  "  cranberry  "  is  properly  restricted  to  the  genus  Oxyooccus,  the  term  "  huckleberry  "  to 
the  genus  Guyhissnda,  and  the  term  "  blueberry  '*  to  the  genus  Vacchiium. 

t  White  or  pink  yarieties  are  not  uncommon,  which  are  simply  cases  of  albinism.  These  are  very 
sweet  and  worthy  of  propagation. 
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It  contains,  however,  a  larger  amount  of  nutritive  matter  than 
other  fruits,  and  is  excellent  for  pies  and  puddings.* 

The  beach-plum  {Prunus  martiima)  grows  in  sea-sand,  close 
to  the  ocean,  and  in  the  driest,  most  inhospitable  places,  and  at 
the  same  time  bears  a  large  crop  of  plums,  which  are  excellent 
in  flavor.  It  is  only  a  shrub,  but  well  worth  planting  in  sandy 
regions.  In  addition  to  the  above  fruits  there  are  many  others 
of  more  or  less  importance  for  food,  flavors  and  wines. 

The  floor  of  a  cedar  swamp  is  usually  covered  with  a  mass  of 
sphagnum-moss.  This  is  collected,  baled  in  hay  presses,  and 
sold  to  nurser^^men  for  packing  purposes.  This  material  is 
remarkable  for  its  ability  to  retain  moisture  and  is  extensively 
used  in  the  shipment  of  plants. 

Large  quantities  of  holly,  mistletoe,  cedar,  etc.,  are  sold  iu 
the  cities.  Many  thousands  of  the  most  beautiful  and  sym- 
metrical young  conifers  are  sacrificed  annually  for  Christmas 
trees.  If  the  trees  were  raised  for  this  purpose  it  would  be  a 
legitimate  business,  but  the  Christmas-tree  gatherer,  in  order  to 
secure  extra  fine  specimens,  cuts  the  tops  out  of  large-sized  red- 
cedar  trees,  just  as  fishermen  peel  the  inner  bark  from  the  butts 
of  the  white-cedar  for  fish-strings. 

Many  flowers,  especially  those  of  Magnolia  glauca,  are  col- 
lected in  large  quantities  and  sold. 

The  cultivation  of  the  willow  for  basket  work  is  in  its  infancv 
in  New  Jersey.  The  wood  of  the  white-oak  {Q,  alba\  when 
split  into  thin  slivers,  is  an  excellent  basket  material.t  These 
baskets  are  strong  and  durable.  The  common  American  market- 
basket  is  not  woven.  It  is  extremely  cheap  and  simple,  and 
goes  with  the  contents. 

There  are  many  plants  of  more  or  less  value  medicinally. 
Perhaps  the  most  important,  which  is  common  throughout  the 

*  The  pertimmon  grows  laxuriaotly  ia  the  old  fields  o(  South  Jersey,  where  animals  have  carried  the 
seeds.  It  is  possible  to  bud  or  graft  these  trees  with  choice  varieties  of  the  persimmon,  which  prodocc, 
when  in  the  proper  stage  of  ripeness,  a  very  delicious  and  salable  fruit. 


t  The  basket-tree  of  the  South,  however,  is  Qturciu  mtchauxii,  the  basket  or  •wamp.whii 
This  tree  is  very  closely  related  to  Quercus p/atauffides,  if  not  a  southern  form  of  the  sam«.  It  grows 
in  the  swamps  of  South  Jersey,  but  is  not  abundant.  It  is  one  of  the  most  magnificeat  trees  of  the  oeik 
iamily.  A  few  years  ago  it  was  plentiful  on  rich  southern  swamp  bottoms.  Its  wood  is  of  very  fiac 
quality  for  constructive  purposes,  and  possesses  a  peculiarity  which  especially  fits  it  for  basketry.  Each 
annual  ring  may  be  easily  separated  in  the  form  of  a  thin  flexible  strip  of  great  pliability  and  atieiigth. 
The  thousands  of  baskets  used  in  the  cotton  fields  of  the  South  were  woven  fitMn  ribboBS  of  tlua  wood. 
This,  together  with  the  facts  that  it  requires  rich  land,  and  does  not  reproduce  itself  Cre^,  b  aboot  !• 
cause  its  extermination. 
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woods  of  the  E.  Carolinian  Zone,  but  rare  in  New  Jersey,  is  the 
witch-hazel  {Hamamelis  virginiand)^  a  fluid  extract  of  the  twigs, 
etc.,  of  this  plant  is  a  famous  lotion  for  allaying  inflammations. 
It  is  used  by  everybody  for  the  ills  of  both  man  and  beast.  It 
is  a  peculiar  shrub,  with  several  branching  crooked  tninks, 
about  ten  feet  in  height.  Its  pale  yellow  flowers  bloom  late  in 
autumn  when  the  leaves  are  falling,  and  the  woody  capsule, 
which  explodes  and  scatters  its  two  black  shining  seeds,  matures 
the  following  summer.  It  grows  well  on  the  poorest  kind  of 
gravelly  soil. 

Acorns  are  abundant  and  are  fed  to  swine.  There  is  a  fair 
crop  almost  every  year,  and  an  immense  crop  every  now  and 
then.  Turkeys  which  thrive  on  dry,  sandy  soil,  feed  on  the 
acorns.  Black  walnuts  contain  rich  food  material  and  are  used 
by  confectioners.  Hazel-nuts  grow  well  in  the  swamps,  having 
escaped  in  several  places  from  cultivation.  The  wild  chestnut 
thrives  in  the  moist  sand  of  South  Jersey,  and  although  the 
nuts  are  usually  small,  they  are  very  sweet  and  abundant.  In 
addition,  the  collection  and  careful  preparation  of  the  seeds  of 
important  forest  trees  would  yield  ever-increasing  returns. 

I  have  yet  to  mention  forest  litter,  especially  the  collection  of 
**  pine-chats '' *  or  leaves,  which  in  many  pine  regions  plays  a 
ver\'  important  and  peculiar  role. 

Forest  litter  is  extensively  collected  in  southern  New  Jersey 
for  the  bedding  of  animals  and  as  fertilizer  for  sweet  potatoes  ;t 
in  fact,  fair  crops  of  this  staple  food  material  may  be  raised  on 
extremely  sandv  soil,  without  other  manure. 

It  is,  however,  south  of  New  Jersey,  on  the  peninsula  between 
the  Chesapeake  and  Delaware,  where  the  litter  is  most  assidu- 
ously collected  and  used.  The  conditions  which  exist  there  are 
peculiar  and  instructive  to  those  interested  in  the  amelioration 
of  pine-lands.  In  fact,  it  is  the  demand  for  forest  litter  which  in 
a  great  measure  has  prevented  forest  fires  and  impressed  upon 
the  natives  the  value  of  their  forests. 


*  In  provincial  English  the  term  "  chat "  means  catkin,  or  a  twig  for  kindling.  The  term  "  catkin  " 
means  little  cat.  There  may  be  some  connection  between  the  old  English  application  of  the  term  to  small 
twigs  and  the  use  of  the  word  pine-chat  in  the  South. 

t  The  German  literature  on  this  subject  is  quite  exhaustive.  The  mancuial  value  of  pine  straw  lies 
mainly  in  its  nitrogen  contents.  From  one  acre  there  may  be  had  annually  about  a, 500  pounds  of  straw* 
furnishing  about  so  pounds  of  nitrogen,  12  pounds  lime,  %%  pounds  potash,  3)^  pounds  magnesia  and  less 
than  3  pounds  phosphoric  acid. 
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Almost  every  farm  has  its  pine  forest.  These,  of  course,  are 
of  all  sizes  and  ages,  varying  from  fields  as  thick  and  dense  as 
grain  to  forests  fit  for  large-size  timber.  There  are  few  signs  of 
forest  fires. 

The  soil  is  light  and  sandy,  dune-like  in  nature,  along  the 
shore,  to  which  the  pines  grow  close,  although  a  few  have  been 
killed  here  and  there  by  shifting  sand.  The  natives  recognize 
the  value  of  the  forest  in  holding  the  soil  in  place,  and  in  pro- 
tecting their  truck-patches  from  the  force  of  the  wind,  which 
would  naturally  at  times  sweep  over  this  narrow  peninsula. 

On  entering  one  of  these  forests,  one  observes  at  once  that 
although  there  are  many  small  trees  of  holly,  and  bushes  of 
sweet-gale,  the  ground  is  free,  from  litter  and  brush.  If  one 
happens  to  visit  the  region  at  the  proper  season  he  will  see  men 
and  women  raking  up  the  forest  litter.  Very  early  in  the  spring 
or  late  in  winter  one  tan  see  field  after  field  covered  with  pine- 
chats,  to  be  plowed  under  just  as  soon  as  the  weather  permits. 
In  fact,  the  fields  are  laid  out  in  squares,  by  means  of  the  plow, 
in  order  that  the  pine-chats  may  be  easily  measured  and  thus 
evenly  distributed.  Just  as  soon  as  a  field  becomes  worn  out  it 
is  abandoned ;  the  adjoining  woods  furnish  the  seed,  the  wind 
sows  it,  and  soon  a  fresh  growth  of  pines  appears.  Here  and 
there  throughout  the  forests  there  are  avenues,  which,  although 
constructed  to  facilitate  the  collection  of  pine-chats,  serve  at  the 
same  time  the  purpose  of  fire-lanes. 

Because  of  the  value  of  the  pine-chats  the  forest  floor  is  free 
from  inflammable  materials  just  at  a  time  when  fires  are  most 
likely  to  occur.  The  removal  of  this  debris  is  contrary  to  the 
principles  of  German  forest  management,  because  it  naturally 
impoverishes  the  forest  soil.  In  the  course  of  time,  however, 
many  of  these  potato-fields  are  allowed  to  come  up  in  pines,  and 
fresh  fields  are  cleared  when  the  pines  have  been  cut.* 


*  Unlike  other  crops,  the  forest  constantly  improves  the  soil,  providid  the  litter  is  not  removed  or 
allowed  to  bum.  The  roots  of  trees  penetrate  to  its  deeper  layers,  and  absorb  large  quantities  <it  mtncrml 
matters.  A  large  percentage  of  this  material  goes  to  the  leaves,  and  is  deposited  on  the  surfisce.  Tbc 
surface  soil  is  both  enriched  by  these  mineral  substances  and  protected  by  a  mulch  of  humos  in  varying 
stages  of  decomposition.  As  the  lower  layers  rot,  new  layers  of  leaves  and  twigs  are  being  constantly 
deposited,  so  that  the  forest  soil,  in  the  course  of  time,  fairly  reelcs  with  nourishing  plant-food.  It  has 
been  shown,  without  doubt,  that  the  removal  of  litter  from  poor  soils  is  ruinoos.  It  is  lilce  steaitng  food 
from  a  starving  man.  The  removal  of  forest  litter  from  rich  soils  is  indeed,  however,  a  very  SBall  matter, 
and  it  is  doubtful  if  it  really  does  very  serious  injury. 
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Another  point  of  great  advantage  is,  that  the  forest  is  not  con- 
tinuous, but  cut  into  parcels,  with  farm  lands  and  glades  inter- 
vening. In  fact  it  is  a  land  of  thrifty  forests  without  foresters, 
and  practically  without  the  need  of  forest  laws. 

For  private  holdings  of  pine  lands,  I  am  inclined  to  favor  this 
method  of  management,  under  the  peculiar  conditions  existing 
in  certain  parts  of  America.  In  this  way  the  forest  constantly 
yields,  indirectly,  an  important  income.  It  is  simply  a  rotation 
of  crops,  of  which  the  pine  is  the  most  important,  producing 
throughout  its  whole  life  a  material  which,  to  the  farmer  of  the 
eastern  shore  of  Virginia,  is  of  more  value  than  wood.* 

It  is  easily  seen,  from  the  condition  of  the  forest  industries 
which  have  just  been  described,  that  the  Coastal  Plain  of  New 
Jersey  has  passed  through  the  first  and  most  lucrative  stage  of 
its  existence.  The  time  is  at  hand  for  the  establishment  of 
industries  with  permanency  in  view.  The  most  important  step 
in  the  right  direction  would  be  the  protection  of  its  woodlands, 
game,  fish,  oysters  and  clams,  which  were  once  so  abundant. 

*  By  this  system  of  culture  the  pine  naturally  and  quickly  regenerates.  Large  quantities  of  swine 
run  in  the  forest  in  this  region,  and  probably  do  as  much  good  as  damage  in  keeping  the  soil  loose  on 
<he  surface  and  by  covering  the  seeds  in  the  process  of  rooting. 


!!•   Forest  Policy  and  Silvicultural  Suggestions< 


FOREST   POLICY. 

As  has  been  explained  already,  there  exists  in  Southern  New 
Jersey  a  vast  area  of  land  which  is  in  a  deplorably  unproductive 
state.  It  is  sufficient  to  say  that  in  the  hands  of  private  owners, 
under  the  circumstances  which  at  present  exist,  the  future  of  a 
large  part  of  this  land  is  not  bright.  A  change  of  some  kind  is 
necessary,  and  this  must  come  either  in  the  form  of  a  change 
of  ownership  or  of  the  circumstances  which  fetter  ownership. 

The  only  way  in  which  the  ownership  may  be  quickly  and 
materially  changed  would  be  by  State  purchase.  It  is  question- 
able whether  under  the  circumstances  State  ownership  would 
be  justifiable,  and  whether,  even  if  it  could  be  easily  accomplished, 
it  would  improve  the  situation.  The  State  ownership  of  forest 
land  in  New  Jersey  is  only  justifiable  on  the  ground  that  the 
presence  of  forests  is  necessary  for  purposes  of  protection 
against  the  destructive  forces  of  nature,  for  pleasure  parks  or 
for  the  purpose  of  preserving  the  beauty  of  certain  unusually 
beautiful  or  wonderful  localities,  such  as  the  Palisades. 

It  is  generally  conceded  in  this  country  that  State  ownership 
of  forest  land  for  revenue  is  unnecessary-.  The  American  people, 
in  fact  the  Anglo-Saxon  race  as  a  whole,  has  a  wholesome  aver- 
sion to  the  participation  of  the  State  in  industries  for  the  pur- 
pose of  revenue. 

Many  claim  that  even  in  cases  where  the  forest  exerts  no  ver>' 
marked  influence  in  a  protective  way  against  the  destructive 
forces  of  nature,  that  the  State  ownership  of  forests  is  justifi- 
able on  the  grounds  that  it  requires  so  long  for  trees  to  mature 
that  private  individuals  are  unable  to  grow  and  handle  them 
satisfactorily  to  themselves  or  to  their  neighbors. 

This  argument,  however,  does  not  always  hold  good.  Were 
a  man  to  plant  the  seed  and  then  wait  for  the  forest  to  mature, 
even  the  most  ardent  forester  would  become  impatient.     Were 

(265) 
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he  to  begin,  however,  with  a  forest  such  as  exists  even  in  New 
Jersey,  he  could,  even  from  the  beginning,  reap  something  ever\' 
year,  and  his  forest  would,  at  the  same  time,  improve  in  quality 
and  productiveness.  It  is  quite  possible  for  a  private  indixndiial 
to  sow  the  seed  and  reap  at  least  three  or  even  four  crops  of  sal- 
able materials  in  a  lifetime.  It  is  worthy  of  note  that  .some  of 
the  finest,  that  is  the  most  productive,  forests  of  Denmark  are 
under  private  control.  A  private  forest  does  not  always  mean  a 
neglected  forest  and  a  short  rotation.  Many  rich  families  in 
Europe  gladly  avail  themselves  of  this  sure  and  permanent  way 
of  investing  their  fortunes,  which  pass  from  father  to  son,  as  do 
the  date-groves  of  the  East.  In  America  the  railroads,  express, 
telegraph  and  telephone  are  private.  The  finest  institutions  in 
America  are  due  to  private  enterprise.  Great  public  reforms  are 
usually  brought  about  by  the  energy  and  influence  of  a  few  pub- 
lic-spirited people.  After  all,  what  is  the  state  in  America?  It 
is  simply  an  organized  community,  the  ruling  powers  of  which 
are  only  persons  which  the  people  have  chosen  temporarily  from 
their  midst.  The  purchase  of  forest  land,  the  management  of 
forest  land,  or  the  sale  of  forest  land,  depends  upon  what  the 
majority  of  legislators  may  think  best,  and  they  in  turn  are  sup- 
posed to  comply  with  the  wishes  of  the  majority  of  their  con- 
stituents. The  personnel  of  the  legislature  is  constantly  chang- 
ing, so  that  the  management  of  forest  lands  owned  by  the  state 
would  be  subject  to  many  vicissitudes  unless  placed  permanently 
and  absolutely  under  the  care  of  one  of  our  best  educational 
institutions  or  in  the  hands  of  other  pennanent  and  reliable 
trustees.  Since,  then,  the  state  control  of  forest  lands  is  not 
justifiable  on  the  grounds  that  large  timber  cannot  be  raised 
from  the  seed  in  an  ordinars'  lifetime,  let  us  consider  brieflv  the 
question  of  protection  which  it  affords  in  South  Jersey  against 
tlie  destructive  forces  of  nature. 

The  effect  of  the  forest  on  the  climate  of  South  Jersey,  except 
in  so  far  as  it  breaks  the  force  of  the  wind,  is  probably  slight. 
Owing  to  its  insular  position  the  effect  on  the  precipitation  of 
moisture  is  probably  not  considerable.  The  effect  of  the  forest 
in  these  respects  is  in  general  disputed  and  not  proven.  The 
effects  of  the  forest  on  the  run-off  of  water  is  also  of  small 
moment  because  the  country  is  so  flat  and  the  soil  is  so  porous 
that  floods  never  have  and  probably  never  will  occur. 
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The  great  function  of  the  forest  on  the  sandy  soils  of  Southern 
New  Jersey  is  the  beneficial  influence  which  it  exerts  on  the 
quality  of  the  soil,  both  physically  and  chemically.  The  forest 
fixes  the  soil,  preventing  it  from  shifting.  The  winds  would 
blow  it  from  place  to  place  were  it  absolutely  bare.  The  forest 
brings  from  the  subsoils  inorganic  materials  which  it  deposits 
on  the  surface  in  the  leaves  and  wood.  The  soil  is  enriched  and 
protected  from  the  beating  and  leaching  force  of  the  rain  and  the 
drying  effects  of  both  sun  and  wind.  The  granules  of  silica  are 
gradually  comminuted  by  the  chemical  action  of  decomposing 
organic  matter  so  that  the  influence  of  the  forest  on  a  coarse, 
sandy  soil  tends  to  render  it  more  and  more  of  the  nature  of 
loam,  and  finally,  in  the  course  of  ages,  fertile  and  able  to  sup- 
port not  only  a  dense  forest  growth,  such  as  Fontainbleau,  but 
even  in  time  fit  it  for  agricultural  purposes.  In  fact,  this  is  the 
only  rational  form  of  treatment  for  such  soils,  and  although  they 
may  become  fit  for  agricultural  purposes  in  the  course  of  time, 
the  forest  should  be  one  of  a  series  of  crops.  In  this  system  of 
rotation  the  interval  from  the  time  the  forest  is  cut  until  the 
land  is  allowed  to  come  again  in  forest  should  be  short. 

In  rocky  regions  the  soil  is  constantly  fed  by  disintegrating 
stones  on  the  surface  and  in  time  recuperates,  but  with  sandy 
soil  the  only  natural  fertilization  is  by  means  of  the  forest, 
which  returns,  in  part  at  least,  the  materials  which  have 
leached  into  the  deeper  layers  of  the  soil  while  the  land  was 
under  cultivation. 

Since,  then,  considering  all  things,  the  State  is  not  justified 
in  purchasing  and  managing  these  pine  lands,  and  since  it  is 
extremely  doubtful  whether  their  condition  would  be  materially 
changed  by  State  ownership,  it  is  important  to  consider  the 
circumstances  which  fetter  private  ownership.  It  is  safe  to 
assume,  without  further  discussion,  that  the  woods  of  South 
Jersey,  for  a  long  time  to  come  at  least,  are  destined  to  remain 
in  the  hands  of  private  parties.  They  must  be  regarded,  there- 
fore, as  business  and  not  protective  forests,  although  they  may 
of  course  perform  both  functions  at  the  same  time.  The  possi- 
bilities of  successful  forest  management  from  a  business  stand- 
point are  dependent  upon  certain  fundamental  conditions. 
These  forests  must  be  regarded  in  the  light  of  supply  forests  for 
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materials  needed  for  local  consumption  and  for  export  to  neigh- 
boring cities.  We  must  consider,  therefore,  the  following 
conditions : 

(i)  The  ability  of  the  State  to  afford  protection  to  private 
property. 

(2)  The  geographic  position  of  the  region  in  reference  to 
markets  and  in  reference  to  means  of  transportation. 

(3)  The  value  of  land  and  the  cost  of  labor. 

(4)  The  quantity  and  quality  of  the  materials  the  region  is 
capable  of  producing. 

(5)  The  ability  to  use  the  materials  in  local  industries. 

(6)  Fair  taxation. 

Let  us  consider,  first,  fire  : 

This  is  the  kernel  of  the  whole  question.  Although  no  end 
of  legislation  has  been  passed  on  the  subject,  nothing  has  been 
accomplished.  Not  to  mention  forest  management,  the  State 
has  failed  up  to  the  present  time  to  protect  the  property  of  its 
citizens.    Until  this  is  accomplished  but  little  progress  is  possible. 

The  "  fire  season  '*  in  New  Jersey  begins  about  the  middle  of 
March,  and  continues  with  more  or  less  fierceness  until  the  end 
of  October.  Sometimes  only  the  thin  leaf-covering  of  the  soil 
is  burnt,  and  little  damage  is  done  ;  sometimes  the  deep,  dr\' 
muck  of  the  swamps  burns  for  many  days,  and  sometimes  the 
fire  sweeps  through  the  crowns,  but  often  the  surface,  crown  and 
ground  fires  are  one,  roaring  and  rushing  irresistibly  with  the 
wind,  with  miles  of  front,  until  stopped  by  a  lack  of  food 
material,  a  fall  of  rain  or  a  stream  of  considerable  dimensions. 

About  fifty  per  cent,  of  the  fires  of  the  Coastal  Plain  of  New 
Jersey  are  caused  by  sparks  from  locomotives,  ten  per  cent,  are 
set  by  incendiaries  for  evil  purposes,  ten  per  cent,  are  set  pur- 
posely to  improve  the  berry  crop  or  pasturage,  and  the  rest  are 
accidental! V  and  carelesslv  set. 

The  effects  of  fire  are  practically  the  same  all  over  the  world  : 
impoverishment  of  soil,  destruction  of  game  and  its  food  supply, 
nnhealthfulness,  increase  of  insect  pests,  in  addition  to  the  loss 
of  wood  and  otlier  property  and  injuries  to  industries  which  use 
wood. 

For  the  prevention  of  fire,  the  punishment  of  fire-setters  and 
the  construction  of  wide  fire-lanes  along  all  public  wagon-roads 
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and  railroads,  are  necessar>\  Railroad  companies  should  be 
required  to  construct  lanes,  broad  and  clean  enough  along  their 
tracks,  to  eliminate  all  danger  from  flying  sparks,  to  ditch  all 
swamp-lands  to  water  or  sand  on  the  outer  edge  of  the  lane,  and 
to  constantly  use  efficient  spark-arresters  on  their  engines.  The 
townships  should  be  required  to  construct  similar  lanes  along 
all  public  roads.  In  this  way,  what  are  now  points  of  danger, 
from  which  the  majority  of  fires  start,  would  become  avenues 
for  the  prevention  of  its  spread,  and  would  serve  at  the  same 
time  as  vantage  points  in  combatting  it.  Whenever  possible 
these  fire-lanes  should  be  kept  under  cultivation,  in  other  places 
the  brush  *  should  be  cut,  and  all  combustible  materials  burned 
at  a  time  when  there  is  no  danger  of  setting  fire  to  the  adjoining 
woods.  The  usual  method  of  extinguishing  extensive  fires  is 
by  **  back-firing '^  or  *^  counter-firing.''  This  is,  however,  dan- 
gerous work,  and  should  not  be  attempted  save  by  those  who 
are  experienced  and  capable.  Ver>'  often  the  back-fires,  set  by 
inexperienced,  excited  persons,  have  not  only  resulted  in  disas- 
trous conflagrations,  but  have  rendered  the  skillful  work  of  others 
of  no  avail.  For  the  extinguishment  of  surface-fires,  shovels, 
sand  and  hard  work  are  usually  sufficient.  Fortunately,  sand  is 
everywhere  plentiful,  except  in  swamps.  It  is  often  possible  to 
beat  out  surface-fires  with  a  green  bough  or  bush.  In  the  extin- 
guishment of  ground-fires,  or  those  which  burn  in  the  peat  of 
swamps,  it  is  necessary  to  confine  them  within  certain  limits  by 
digging  deep  trenches. 

Formerly  charcoal  burners  set  fire  to  the  forest  in  order  to  be 
able  to  purchase  it  cheaply,  by  rendering  it  unfit  for  any  other 
purpose  than  coal  wood.  The  charcoal  industr>'  is  done,  but  the 
natives  still  fire  the  huckleberry-bush  to  produce  fresh  shoots  on 
which  the  finer  berries  grow.  Berry-picking  is  an  important 
industry',  and  the  occurrence  of  such  fires  is  common.  The  main 
differences  between  the  conditions  existing  in  Southern  New 
Jersey  and  the  peninsula  between  the  Chesapeake  and  the  Dela- 

*  The  "  E^terel,"  a  region  of  France  not  far  from  Cannes,  is  bmous  for  the  elaborate  fire  measures 
which  are  in  force  there.  It  is  a  mountainous  district,  thinly  covered  with  pine  and  corlt-oak  and 
extremely  susceptible  to  fire,  which  causes  great  havoc  when  the  very  violent  wind,  called  mistral* 
blows.  I  visited  it  a  few  years  ago  and  was  surprised  to  find  that,  in  addition  to  the  formation  of  many 
fire-lanes,  the  removal  of  underbrush,  observation  posts,  telephone,  perfectly  organized  patrols,  etc., 
that  they  bum  over  patches  of  the  surface  every  year  from  December  to  February  with  the  object  of 
preventing  the  growth  of  weeds  and  underbrush  and  the  accumulation  of  combustible  Utter.  Little  by 
little  the  whole  area  is  burned  over  in  this  way. 
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ware  are,  that  the  forest-land  there  is  cut  into  many  small 
blocks,  between  which  is  farm-land,  and  that  the  prop)er  senti- 
ment exists  in  the  minds  of  the  natives,  a  sentiment  due  to  the 
value  of  the  pine-chats. 

The  division  of  large  tracts  of  land  into  parcels  is  of  advantage 
economically  and  socially,  provided  they  are  of  a  size  sufficient 
to  support  a  family  of  ordinar>'  intelligence.  Such  a  farm  should 
consist  of  at  least  thirty-five  acres  of  cleared  land  and  sixty-five 
acres  of  woodland.  The  sale  of  city  lots  in  the  woods,  or  even 
five  or  ten-acre  plots,  is  rarely  fruitful  of  good,  and  is,  on  the 
whole,  detrimental  in  the  end  to  the  purchaser  and  community 
in  general. 

Where  fire  constantly  burns  the  litter  from  the  surface  and 
prevents  the  formation  of  young  forests,  the  soil  constantly 
deteriorates  and  finally  becomes  sterile  and  lifeless — literally 
lifeless — because  the  organisms  in  the  soil  which  cause  the 
decomposition  of  humus  and  the  conservation  of  nitrogen  are 
killed.  The  prevention  of  fire,  therefore,  is  of  course  the  first 
and  most  important  step. 

Further  discussion  in  reference  to  the  prevention  of  fire  on 
lands  owned  by  private  parties  seems  like  threshing  old  straw^ 
but  since  it  is  hardlv  likelv  under  the  circumstances  that  the 
State  would  buy  and  properly  care  for  this  vast  tract  of  sandy 
land,  or  would  force  private  parties  to  institute  efficient  meas- 
ures in  this  line,  as  is  common  in  Europe,  it  is  necessary-  to 
devise  other  schemes  which  might  accomplish  this  end  and 
which  fit  the  peculiar  conditions,  political,  social  and  economi- 
cal, which  exist. 

It  is  generally  recognized  throughout  Europe  that  the  con- 
struction of  suitable  fire-lanes  throughout  the  forest  conduces 
more  to  the  prevention  of  great  conflagrations  than  any  other 
institution.  The  recent  fires  in  the  Landes  of  France  were  due» 
it  is  claimed,  to  the  neglect  of  fire-lanes.  These  serv^e  as  van- 
tage points  in  the  fighting  of  fire,  and  often  in  themselves  are 
sufficient  to  prevent  its  spread.  By  means  of  fire-lanes  the 
country  is  cut  into  parcels  and  the  danger  of  great  conflagrations 
very  materially  reduced.  These  fire-lanes,  in  order  to  be 
efficient,  must  be  wide,  clean  and  well  cared  for,  for  otherwise 
they  are  of  little  use.     Now  the  great  question  is,  how  to  estab- 
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lish  a  complete  system  of  fire-lanes  for  those  regions  of  Southern 
New  Jersey  which,  from  the  sandy  nature  of  their  soils,  are 
destined  for  many  years  to  come  to  remain  in  forest. 

The  scheme  which  I  have  to  suggest  is  that  these  fire-lanes  be 
constructed  and  kept  in  order  in  a  way  similar  to  the  constnic- 
tion  of  State  roads,  which  have  been  so  popular  of  late.  In 
this  way  no  terrible  burden  of  expense  rests  upon  anybody. 
The  individual  benefited  thereby  pays  part,  the  community  pays 
another  part  and  the  State  pays  the  other  part.  Woodland 
owners  who  would  be  benefited  thereby  would  not  hesitate  to 
donate  land  for  the  purpose,  while  the  small  quantity  of  land 
required  of  those  who  may  be  foolish  enough  to  object  should  be 
summarily  condemned  and  appropriated  by  the  State.  One 
would  expect  very  slight  opposition  to  a  system  of  fire-lanes 
from  those  persons  whom  the  protection  it  affords  benefits,  except 
perhaps  from  those  who  call  themselves  ^Mand-poor,*'  that  is, 
persons  who  own  so  much  unproductive  land  that  they  cannot 
pay  their  taxes.*  Such  people  would  not  object  to  the  relinquish- 
ment of  small  strips  of  unproductive  land,  but  would  hesitate 
with  the  fear  that  it  might  increase  their  burden  of  taxation. 
But  the  difficulties  of  this  kind  would  be  no  greater  than  those 
which  have  been  met  and  overcome  in  the  construction  of  roads. 
As  with  all  progressive  movements  of  this  kind  the  opposition 
fades  away  and  the  strongest  opponents  are  often  the  loudest  of 
praisers  in  the  end. 

The  owner  of  the  land  would  be  benefited  and  encouraged  and 
the  payment  of  a  slight  increase  in  tax  would  be  a  great  and 
permanent  investment.  Lands  which  are  now  a  burden  to  him 
would  become  more  valuable  and  the  capital  which  is  buried 
therein  would  increase  and,  if  need  be,  become  available.  The 
money  which  the  county  and  State  would  expend  would  return 
a  hundred  fold  in  increased  resources  and  prosperity,  and  would 
benefit  those  who  are  most  in  need  of  it. 

The  State  or  county  or  township  ownership,  or  combined 
ownership,  of  a  system  of  fire-lanes,  in  no  way  savors  of  pater- 
nalism, and  should  be  as  palatable  to  the  American  taste  as  the 


*  Fire-lanes  may  be  constructed  at  slight  expense  in  Southern  New  Jersey.  After  the  wood  is  cut  it 
is  necessary  to  plough  three  or  four  furrows  along  the  edges  and  then  to  bum  over  the  lane  at  times  when 
there  is  no  danger  of  setting  fire  to  the  neighboring  woods.  A  lane  fifty  feet  in  width  would  be  quite 
efficient. 
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State  ownership  of  roads.     In  fact  these  lanes  may  serve  at  any 
time  as  roads,  or  may  be  converted  into  such  on  short  notice  at 
ahnost  any  time.     Fortunately  gravel  is  almost  always  near  at 
hand,  so  that  in  the  course  of  time  the  whole  fire-lane  system 
may  be  converted  into  a  great  road  system,  which  would  add 
much  to  the  value  of  the  land  and  increase  the  value  of  the 
wood,  owing  to  the  ease  with  which  it  could  be  transported. 
After  visiting  most  of  the  forests  on  sandy  soil  in  Europe,  and 
having  lived  a  number  of  years  in  the  pine-lands  of  South  Jersey, 
I  am  convinced  that  it  is  foolish  to  talk  of  forest  culture  and 
silvicultural  methods  until  fires  are  reduced  in  number.     For 
this  purpose  fire-lanes  are  essential,  and  this  is  the  only  scheme 
I  know  of  which  seems  practical  and  possible.     Once  institute  a 
perfect  system  of  fire-lanes  under  combined  State  and  local  con- 
trol and  the  number  and  severity  of  the  fires  will  be  reduced  to 
such  an  extent  that  the  evil  will,  I  am  certain,  gradually  fade 
away,  and  modern  systems  of  silviculture  will  gradually  creep  in 
as  the  value  of  wood  and  land  increases.    The  people  of  the  State 
are  perfectly  familiar  with  the  modus  operandi  of  the  road  law, 
and  the  same  general  principles  applied  to  fire-lanes  would  be 
no  great  and  startling  innovation,  but  would,  I  am  certain,  be 
fraught  with  beneficial  results.     It  is  the  only  system  which 
appears   to   be    perfectly   adapted    to   the    peculiar   conditions 
which  exist  in  Southern  New  Jersey. 

Such  an  institution  would  have  also  a  great  educational  effect. 
Many  people  who  had  never  thought  of  such  things  before 
would  be  impressed  by  the  object-lesson.  The  constant  presence 
of  such  reminders  would  impress  upon  certain  classes  of  people 
the  facts  that  fires  are  not  necessary,  that  the  useless  destruction 
of  wood  is  wasteful,  and  that  the  absence  of  wood  in  a  countrv 
which  is  fitted  only  for  its  production  means  a  lack  of  work  for 
woodsmen,  teams  and  sawmills. 

In  addition  to  tliese  fire-lanes  let  all  the  existing  roads  of  the 
southern  part  of  the  State  become  a  part  of  this  system  by  being 
converted  into  fire-lanes,  that  is,  widened  and  cleared  of  com- 
bustible materials  along  their  edges.  The  remotest  portions  of 
tliese  vast  piney-lands  will  in  this  way  iDecome  accessible,  and  the 
lar^e  amount  which  is  actually  invested  in  woodland  and 
cranl)erry-lx)gs  will  Ix?   rendered  safer,   with  surer  yields.      A 
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large  amount  of  money  which  is  lost  in  fire-fighting  will  be 
saved. 

Just  as  there  was  opposition  in  the  beginning  to  the  new  road 
law,  so  there  will  be  opposition  to  such  a  scheme ;  but  let  the 
State  inaugurate  it  in  a  trial  district  and  soon  others  will  follow. 
It  will  not,  of  course,  stop  all  forest  fires,  but  it  will  certainly 
reduce  their  size,  stop  their  fury  and  save  the  loss  of  much 
valuable  material.  The  new  State  road  from  Atlantic  City  to 
Camden  is  a  fair  sample  of  what  is  needed.  It  serves  at  the 
same  time  the  purpose  of  fire-lane  and  thoroughfare.  Formerly 
it  was  a  bed  of  hot,  dusty  sand.  Many  new  buildings  have  been 
constructed  along  the  road,  and  owing  to  the  ease  of  communi- 
cation and  transportation  it  has  brought  the  people  along  it 
closer  together  and  has  instilled  into  the  old  residents  a  certain 
amount  of  life  and  spirit  which  they  never  would  otherwise 
have  obtained.  If  cleared  of  brush  along  their  sides,  many  of 
the  gravel  roads  of  South  Jersey,  which  are  often  now  the  points 
from  which  fires  start,  would  serve  as  fire-lanes  in  preventing 
the  spread  of  fire  and  as  vantage  grounds  in  combatting  it.  The 
local  officials  who  have  charge  of  these  roads  and  lanes  could,  if 
required,  extinguish  many  fires  in  their  incipient  stages. 

The  consideration  of  these  fire-lanes  as  future  roads  leads  to 
the  second  important  condition — markets  and  transportation. 

This  question  needs  but  little  consideration.  A  glance  at  the 
,map  is  sufficient  to  convince  anyone  that  no  region  could  be 
more  auspiciously  located  in  this  respect.  With  plenty  of  good 
gravel  with  which  to  construct  roads,  with  many  railroads,  with 
many  navigable  rivers  and  with  two  of  the  largest  cities  of  this 
country  near  at  hand,  but  little  more  in  this  respect  could  be 
desired.  At  the  same  time,  however,  we  must  not  fail  to  con- 
sider the  fact  that  other  great  wood-producing  regions  are  near 
at  hand  and  that  in  Pennsylvania  there  are  immense  quantities 
of  coal.  This  state  of  affairs  naturally  suggests  that  the  pro- 
duction of  wood  for  fuel,  as  is  now  generally  the  case,  is  the 
least  profitable  of  the  forest  industries  which  may  be  practised 
in  South  Jersey. 

The  third  condition  relates  to  land  and  labor.  This  question 
also  needs  little  consideration.  There  are  thousands  of  acres 
which  may  be  had  at  a  ridicuously  low  figure,  considering  the 

18  FOR 


274      GEOLOGICAL  SURVEY  OF  NEW  JERSEY. 

location,  and  everyone  familiar  with  the  region  knows  that  there 
are  hundreds  of  woodsmen  who  are  stagnating  and  degenerating 
in  consequence  of  a  lack  of  work. 

The  fourth  condition  relates  to  the  quantity  and  quality  of  the 
materials  the  region  is  capable  of  producing,  and  since  I  shall 
refer  to  this  later  under  the  head  of  Silvicultural  Suggestions,  it 
is  sufficient  to  say  in  this  connection  that  owing  to  its  peculiar 
soil  and  climate  South  Jersey  has  and  is  still  able  to  produce 
just  those  kinds  of  forest  produce  which  are  most  in  demand. 

The  fifth  condition  relates  to  the  possibility  of  the  establish- 
ment of  local  industries  which  may  consume  the  products  of 
the  forest  or  which  may  convert  these  products  into  less  bulky 
and  more  salable  form. 

When  certain  industries  may  be  established  within  a  region 
it  is,  of  course,  a  great  advantage  in  many  ways.  It  increases 
the  working  population,  the  value  of  property  and  improves 
the  standard  of  life.  Labor  is  at  the  base  of  pleasure  and  intel- 
lectual development. 

At  present  large  quantities  of  wood  are  supplied  to  glass  and 
brick  factories  throughout  South  Jersey.  The  fuel  question, 
however,  is  of  little  importance,  and  will  always  take  care  of 
itself  in  this  country.  In  fact,  even  the  woodsman,  when  he  can 
afford  it,  will  burn  coal  because  of  its  convenience. 

The  first  industry  which  would  flourish  on  the  production  of 
saw-stuff  would  be  the  saw-mill.  And  if  only  the  increment  is 
cut,  as  should  always  be  the  case,  many  small  mills,  instead  of 
a  few  large  ones,  would  result.  The  condition  might  be  similar 
to  that  of  parts  of  Germany  where  many  small  mills  are  con- 
stanth'  at  work  year  after  year  cutting  the  well-earned  incre- 
ment. The  big  mill  with  its  elaborate,  costly  equipment,  work- 
ing with  feverish  excitement  half  the  time  and  idle  the  rest, 
did  not  develop  however  in  this  country  until  after  the  tinil)er 
resources  of  South  Jersey  were  practically  exhausted.  Even  in 
the  great  lumber  districts  the  large  mill,  when  our  lumber 
resources  have  been  exhausted  to  such  an  extent  that  these 
voracious  monsters  cannot  be  fed,  will  be  replaced  by  smaller 
esta])lisliments  which  will  for  some  time  to  come  operate  on  the 
Icavinj^s  and  the  younj^  timber  as  rapidly  as  it  becomes  mer- 
chantable.    The  time  is  not  far  distant  when  the  great  lumlxfr 
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industr\'  which  has  shot  across  this  country  with  meteoric  fierce- 
ness will  have  spent  its  power.  It  has  been  digging  its  own  grave. 
In 'the  meantime  the  tide  of  feeling  in  reference  to  the  estab- 
lishment of  more  rational  methods  of  forest  treatment  has  been 
steadily  rising.  This  country,  although  so  large,  is  so  closely 
knitted  together  by  a  network  of  railroads,  which  favor  the  dis- 
tant parts  by  special  long-distance  freight  rates,  that  a  strin- 
gency of  even  so  important  and  bulky  an  article  as  lumber  will 
not  be  seriously  felt  until  the  crop  is  exhausted,  even  in  the 
remotest  corners  of  this  land,  if  not  this  continent.  There  is 
nothing  surprising  in  the  fact  that  a  man  in  New  Jersey  may 
use  in  the  construction  of  his  house  white-pine  from  the  far 
North,  cypress  and  yellow-pine  from  the  far  South  and  red- 
wood shingles  from  the  far  West,  and  buy  it  all  from  the  stock 
of  one  lumber  dealer  in  Philadelphia  or  New  York. 

Besides  the  development  of  the  saw-mill  industry-  in  Southern 
Jersey,  when  the  woods  are  properly  protected  and  managed 
there  will  arise,  no  doubt,  many  other  industries,  such  as  box, 
stave  and  market-basket  manufacture. 

It  is,  of  course,  impossible  to  predict  the  many  industries  which 
may  be  operated  in  a  country  where  such  a  useful  material  as 
even  the  poorest  grade  of  wood  is  produced. 

In  the  Spessart,  in  Germany,  for  instance,  years  ago  immense 
quantities  of  beech  were  planted,  to  supply  the  glass  factories 
with  fuel.  The  glass  works  have  ceased  to  exist  and  the  beech 
is  subjected  to  a  process  of  dry  distillation  which  yields  several 
valuable  products.  Hardwoods,  by  this  process,  will  yield  char- 
coal, pyroligneous  acid,  an  inflammable  gas  which  may  be  used 
for  illuminating  purposes,  besides  other  products.  Some  day  we 
may  export  charcoal  to  the  tropical  regions  of  the  globe,  where 
it  is  the  most  satisfactorv  fuel  because  it  emits  no  smoke,  and 
braziers  can  be  used  instead  of  stoves. 

Then  there  is  the  possibility  of  producing  wood  for  pulp  and 
cellulose.  Spruce  is  the  principal  source  of  supply  at  present, 
but  even  if  spruce  cannot  be  produced  successfully  in  South 
Jersey,  which  is,  however,  a  question,  there  are  other  trees  which 
are  and  no  doubt  many  which  may  be  used  for  that  purpose.  In 
fact  it  would  be  impossible  to  predict  the  future  of  this  industry, 
which,  although  in  its  infancy,  is  already  immense. 
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It  is  safe  to  assume  that  in  case  the  forests  of  South  Jersey 
are  protected  and  allowed  to  grow  other  industries  will  fonii 
and  grow  with  them. 

The  sixth  condition  is  fair  taxation.  All  are  agreed  that  this 
is  a  knotty  question  and  one  difficult  even  under  favorable  cir- 
cumstances to  fairly  adjust.  It  seems  to  me  that  since  forests 
require  considerable  time  to  grow,  since  owing  to  the  force  of 
the  elements  and  disease  the  growth  of  years  is  liable  to  be  sud- 
denly spoiled  and  shattered,  since  forests  are  not  insurable,  and 
since  the  man  who  produces  a  forest  is  the  benefactor  of  his 
neighbors,  the  State  can  well  afford  to  tax  lightly  such  land.* 
In  fact,  the  man  who  starts  and  properly  cares  for  a  forest 
deserves  to  be  exempted  from  taxation,  or  at  least  exempted 
until  the  crop  is  cut.  Several  have  suggested  that  the  tax 
should  be  levied  only  on  the  amount  cut.  This  plan,  of  course, 
has  some  disadvantages  ^and  may  not  be  practical.  At  any  rate 
a  fair  re-adjustment  would  tend  to  improve  the  condition  which 
exists.  I  have  faith  enough  in  the  good  sense  of  the  American 
people  to  believe  that  with  proper  protection  by  the  State 
against  fire  and  thieves,  with  fair  taxation,  with  sufficient  roads 
arid  with  proper  guidance,  there  will  develop  even  under  private 
control  a  system  of  forestry  which,  although  perhaps  not  as 
systematically  regulated  as  in  Europe,  will  be  as  good  as  the 
peculiar  economic  conditions  of  the  region  will  warrant. 


SILVICULTURAL   SUGGESTIONS. 

It  seems  to  the  writer  that,  notwithstanding  the  complexities 
of  European  silvicultural  systems  with  their  manifold  modifica- 
tions and  combinations,  the  methods  of  forest  treatment  may  be 
divided  into  four  systems  which  are  more  or  less  applicable 
the  world  over,  none  of  which  are  unconditionally  good  or  bad, 
and  the  merits  of  which  depend  upon  the  circumstances  of  each 
case.  Each  system  has  its  advantages  and  disadvantages,  and 
must  Ix^  adapted  to  the  conditions  which  exist  in  ever}'  instance, 
and  its  success,  above  all,  is  dependent  upon  the  knowledge  and 

*  An  anomolous  condition  sometimes  exists  where  a  speculator  desires  a  high  assessment  and  cor- 
respondingly  high  tax  in  order  to  convince  prospective  buyers  of  the  great  worth  of  the  land  which  he  is 
endeavoring  to  sell. 
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skill  of  the  person  who  endeavors  to  apply  it.     These  systems 
are,  briefly,  as  follows : 

I.  The  selection  system,  which  is  especially  adapted  to  uneven- 
aged  or  irregular  protection  forests. 

II.  The  system  of  clear  cutting  and  then  regenerating  by 
planting  with  young  trees  or  by  sowing  the  seed,  or  by  waiting 
until  the  wind  sows  it  from  an  adjoining  forest. 

III.  The  system  of  regenerating  pure  even-aged  forests  natur- 
ally by  imiformly  and  gradually  thinning  throughout,  and 
admitting  the  light  so  that  the  seeds  will  germinate  and  the 
young  growth  properly  develop.* 

IV.  The  coppice  system,  where  the  forest  consists  of  species 
which  will  sprout  from  the  stump  or  the  root. 

There  will  probably  be  opportunity  for  the  application  of  all 
of  these  systems  in  Southern  Jersey.  The  following  is  a  brief 
way  of  classifying  these  systems : 

0,4.-  4.,.-  4.  1-        r      Regeneration  effected  irregularly 

Selective-cutting  system,  applica-      4.1.         ,       ^   ^t.      r       .   ,        , 

^   ^  ^^  '   throughout  the   forest  by   the  re- 

moval   of    single    trees    or    small 
groups  of  trees. 

^,            ...             ^               1-     ui  I       Regen  ration  by  means  of  plant- 

Clear-cutting  system,  applicable  •                      ,      .              ^^.        '^     , 

..i          '     r  ing  young  plants  or  cuttings  or  by 

to  pure  or  mixed  forests  of  even  or  >           .       u    1       j       i_         .       , 

^  sowing  by  hand  or  by  natural  sow- 
uneven  age.  .       r           ,.  .    .               , 

^^  ing  from  adjoining  woods 

C     Regeneration  effected   uniformly 

Successive-cutting  system,  appli-  )  throughout  the  forest  by  successive 

cable  to  pure  woods  of  even  age         j  thinnings   and   final    complete  re- 

(^  moval  of  mother  trees. 

^        .  ^  f      Regeneration  effected  by  stump- 

Coppice  system.  '\     ,      f       j        ^        1 

1^  shoots  and  root  suckers. 

If  a  party  possesses  woodland,  even  if  sparsely  stocked  with 
inferior  kinds,  and  cannot  afford  or  may  not  desire  to  plant  afresh 
with  better  species,  but  wishes  to  gradually  improve  it,  the  best 
system  to  apply  is  the  selection  method. t  There  are  many  large 
forest-owners  in  South  Jersey  who  are  able  to  employ  a  forester 
but  who  cannot  afford  the  cost  of  extensive  plantings.     These 


ble  to  pure  or  mixed  forests  of  un 
even  age. 


I 


*As  early  as  1736  this  system  bad  developed  so  far  in  Germany  that  three  distinct  cuttings  were  pre- 
scribed :  First,  when  the  seed  had  fallen  and  germinated ;  second,  when  the  young  trees  reached  the 
height  of  a  man's  knees,  and  third,  the  mother  trees  were  completely  removed  when  the  young  trees  bad 
reached  the  height  of  a  man. 

t  Irregular  forests  to  which  this  system  is  applied  naturally  suffer  more  from  fire  than  regular  forests. 
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large  land-holders  employ  managers  who  are  practical  men  but 
with  little  knowledge  of  forestry.  The  selection  method  is 
usually  the  best  for  a  new  country'  where  the  demands  for  wcxxi 
are  less  than  the  supply,  and  where  a  system  to  be  popular  must 
yield  enough  constantly  to  pay  all  expenses,  taxes,  and  a  little 
besides.  It  is  an  excellent  system  for  co-operative  associations 
and  corporations  which  have  other  objects  in  view,  such  as  the 
protection  of  game  or  water  supply.  It  is  extensively  practiced 
in  India,  where  it  is  usually  known  by  its  French  name,  '*jar- 
dinage.''  It  is  not  confined  to  new  countries,  however,  and  is 
even  the  favorite  method  of  many  European  foresters  of  treating 
protection  forests. 

To  apply  this  system  it  requires  more  skill,  experience  and 
intelligence  than  the  majority  of  land-holders  or  managers  pos- 
sess. It  is,  however,  an  elastic  system,  and  in  its  simplest  form 
is  practical  for  land  on  which  there  is  any  growth  worthy  of  the 
name  of  forest. 

It  is  about  the  reverse  of  what  is  ordinarily  practiced  in 
America.  In  New  Jersey  one  man  may  buy  all  the  merchant- 
able oak  on  a  certain  piece  of  land,  another  all  the  cedar,  etc. 
Any  diseased  trees  or  kinds  without  value  are  left  standing,  not 
for  soil  protection,  but  because  they  are  not  worth  cutting. 
These  are  stimulated  by  the  increase  of  space  and  light,  produce 
large  quantities  of  seed,  and  soon  have  complete  possession  of 
the  soil.  In  other  instances  the  land  is  bought  with  all  that 
covers  it  and  stripped  of  what  is  merchantable.  Covered  with 
slashings,*  it  is  left  to  be  swept  by  fire  or  abandoned  to  the 
weeds, t  or  is  sold  to  land-agents  who  divide  it  into  many  small 


*  The  first  steps  toward  forestry  in  Germany  were  the  removal  of  slash  and  the  leartng  of 
here  and  there  of  a  desirable  species. 

t  A  weed  is  simply  a  plant  out  of  place.     Trees,  under  certain  circumstances,  may  be  weeds.     Id 
fact,  the  common  custom  of  culling  the  best  from  the  forest  is  similar  in  effect  to  hanresting  the 
tables  and  fruits  of  a  garden  without  disturbing  the  weeds. 

In  the  swamps  of  South  Jersey,  clambering  vines  and  worthless  briars  and  bashes  often  have 
plete  possession  of  the  soil.  The  various  species  of  grape  which  mingle  with  the  branches  of  trees  hinder, 
of  course,  their  growth,  but,  owing  to  their  beauty  and  the  value  of  their  fruit,  their  presence  is  doc  so 
odious.  It  is  quite  otherwise  with  the  poison  ivy  {Rhus  toxicodtndran)  which  firmly  clasps  the  roocs, 
trunks  and  branches  of  trees,  and  is  poisonous  to  the  touch.  The  swamp  sumac  (J?Aaf«mini«<«),  which 
is  a  shrub,  and  often  almost  a  tree,  is  abundant,  and  is  also  poisonous,  causing  a  distressing  dermititis, 
which  is  often  accompanied  by  serious  illness.  Another  class  of  extremely  disagreeable  weeds  are  the 
climbing,  prickly  briars  of  the  genus  Smilax.  The  most  provoking  feature  of  these  weeds  is  that  when 
their  rhizomes  have  once  gained  possession  of  the  soil,  it  is  welUnigh  impossible  to  eradicmte  thea. 
Clothing  and  skin  are  torn  in  handling  them,  burning  only  causes  them  to  sprout  with  fresh  vigor,  ead,  if 
left  alone,  they  soon  reach  the  tops  of  trees,  to  which  they  become  inextricably  attached.  The  only  wmy 
to  get  rid  of  them  is  to  cut  them  down  with  a  bush-hook  or  machete,  and  then  with  a  gmb  hoe  dig  op 
heir  rhizomes,  bit  by  bit  and  year  after  year,  until  their  extermination  is  complete. 
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farms,  which  they  sell  to  all  sorts  of  new-comers.  Sometimes  it 
falls  into  the  hands  of  speculators,  who  hold  it  indefinitely,  with 
various  purposes  in  view.  In  consequence  of  this  mode  of  treat- 
ment, uplands  which  once  produced  pine  fit  for  ship  timbers  are 
now  only  bush-lands ;  swamp-lands  which  have  yielded  choice 
white-cedar  are  now  cripples.  The  only  suggestion  of  silvi- 
culture is  the  custom  of  leaving  a  seed-tree  here  and  there. 
Many  of  these  seed-trees  were  left,  however,  not  for  the  purpose 
of  seeding  the  ground,  but  as  line-trees,  to  mark  the  borders  of 
properties. 

The  aim  of  the  selection  method  is  the  constant  betterment  of 
soil  and  forest.  It  prescribes  that  the  soil  must  be  kept  covered, 
and  that  the  most  valuable  species  must  always  be  encouraged. 
The  dead  and  diseased  trees  must  be  removed,  also  all  inferior 
kinds  which  are  a  hindrance  to  a  young,  more  promising  growth. 
Many  minor  points  the  owner  or  person  in  charge  must  settle. 
The  axe  must  be  cautiously  used,  and  always  with  a  purpose 
beyond  the  immediate  reaping  of  a  wood  crop,  and  the  operator 
must  be  perfectly  familiar  with  the  peculiarities  of  the  species 
with  which  he  is  dealing.  Caution  in  cutting,  and  the  sowing 
of  seed,  or  the  planting  here  and  there  of  desirable  kinds,  will, 
in  the  course  of  time,  bring  order  out  of  chaos. 

On  large  areas  of  Southern  New  Jersey  where  there  is  little 
more  than  bushes  it  will  be  necessary  to  plant  afresh.  In  many 
instances  where  the  forest  is  very  thin  and  of  poor  species  it  will 
pay  in  the  end  to  cut  clean  and  establish  a  new  forest  by  either 
planting  or  sowing.  The  system  of  clean  cutting  and  planting 
has  many  advantages  and  disadvantages.  One  can  work  in  a 
systematic  and  regular  manner  and  can  start  the  kind  of  forest 
he  prefers.  It  is,  however,  usually  expensive,  the  young  plants 
are  in  greater  danger  of  frost,  drought,  weeds  and  disease,  and 
the  fertility  of  the  soil  is  impaired  by  being  bared  to  the  action 
of  the  elements  for  a  considerable  period  of  time. 

If  one  has  a  pure,  even-aged  forest,  the  third  system  is  proba- 
bly the  best.  This  is  the  system  which  is  so  successfully  applied 
to  the  spruce  forests  of  Europe,  and  is  an  excellent  way  of 
regenerating  white-pine  in  this  country,  and  also,  perhaps,  white- 
cedar  in  South  Jersey.  •  In  this  system  regeneration  occurs  uni- 
formly over  the  whole  area  under  treatment.     When  the  trees 
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have  reached  maturity  regeneration  is  effected  by  a  series  of 
uniform  successive  thinnings.  The  number  of  thinnings  depends 
upon  the  circumstances  of  the  case.  Success  in  the  method 
depends  primarily  upon  two  conditions  :  First,  the  trees  iniist  be 
in  condition  to  produce  a  good  crop  of  seeds ;  and,  second,  the 
forest  floor  must  be  a  favorable  bed  for  germination.  From  that 
time  on  the  forest  must  be  gradually  thinned  and  finally  removed 
as  rapidly  as  the  condition  of  the  young  growth  will  permit, 
which  varies  with  the  species,  climate,  soil,  etc. 

This  system  is  only  applicable  to  pure,  even-aged  forests. 
This  is  a  disadvantage,  however,  because  for  several  reasons  the 
tendency  at  present  is  decidedly  in  favor  of  mixed  groA\-ths. 
Pure  growths,  especially  of  conifers,  are  much  more  seriously 
injured  by  the  destructive  forces  of  nature,  such  as  winds  and 
insects,  than  mixed  forests.  An  excellent  form  of  forest  from  a 
silvicultural  standpoint  consists  of  a  growth  of  conifers  with  an 
underwood  of  some  kind  of  shade-enduring  deciduous  trees- 
The  overwood  is  healthier  and  the  soil  is  protected  and 
enriched  by  the  underwood.  To  produce  this  kind  of  wood  it 
is  necessary  usually  to  resort  to  the  clean-cutting  system  with 
regeneration  by  planting  or  sowing. 

The  fourth  system,  coppice,  is  so  simple  that  little  explanation 
is  necessary.  The  crop  is  simply  cut  clean  year  after  year,  and 
the  new  crop  is  formed  either  from  stump-shoots  or  root-suckers. 
Care  should  always  be  exercised  in  cutting  the  stump  close  to 
the  ground,  with  a  clean  sloping  top,  so  that  there  will  not  be 
the  slightest  opportimity  for  rot  and  so  that  the  young  shoots 
will  be  healthy  and  sound. 

In  the  choice  of  species  for  planting  and  for  favoring  in  mixed 
growth  we  should  not  fail  always  to  consider  the  silvicultural 
qualities  as  well  as  usefulness  for  lumber.  Fashion  often  guides 
us  in  our  choice  of  kinds,  and  we  should  not  fail  to  bear  in  mind 
that  modern  devices  of  treating  wood  may  completely  change 
its  appearance  and  durability. 

The  species  of  trees  which  may  be  successfully  grown  in 
southern  New  Jersey  I  have  divided  into  two  groups — first, 
those  which  require  good  soils,  and,  second,  those  which  will 
thrive  on  the  poor  sandv  soils  and  swamp-lands  of  the  Coastal 
Plain ;  and  since  the  latter  are  the  lands  to  which  the  forest  will 
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in  time  be  relegated,  I  shall  describe  here  mainly  those  species  of 
the  second  class. 

To  the  first  class  belong  such  trees  as  the  white-pine,  the 
white-oak,  the  swamp-white-oak  {Quercus  platanoides)^  the 
beech,  the  chestnut  {Castanea  dentatd)^^  the  black-walnut,  the 
shagbark-hickory,  the  tulip  tree,  the  white-ash,  the  sugar-maple, 
the  basswood,  the  Douglas-spruce  {Pseudotsiiga  taxifolid)^  and 
the  Norway-spruce  {Picea  excelsa).  To  the  second  class  belong 
such  as  the  following :  the  short-leaf-pine  {Pinus  echinata)^  the 
red-cedar  {Jiimpertis  7'irginiand)^  the  ^\\\\.^<L^^2iX  {^Chamcrcyparis 
thyoides)^  the  locust  {Robtnia  pseiidacacia),  the  cottonwood  {Pop- 
II  Ills  deltoides)^  etc. 

Others  which  may  be  classed  as  subsidiary  sorts,  and  which, 
under  certain  circumstances,  are  worthy  of  encouragement,  are 
chestnut-oak  {Querciis  prinus)^  sassafras,  holly  {Ilex  opaca)^ 
bilsted  {Liqiiidamber  styracijlua\  brewster  {Magnolia  glauca)^ 
red-maple  {Acer  rubrtnn\  and  wild-cherry  {Primus  serotind). 

Pinns  echinata^  formerly  P.  fuitis^  is  the  most  important  pine 
of  Southern  New  Jersey.  It  is  usually  associated  with  the 
pitch-pine  {Pinus  rigida\  with  here  and  there  patches  of  the 
scrub-pine  {Pinus  virginiana  or  inops). 

Several  foresters  have  encouraged  the  planting  of  pitch-pine 
in  New  Jersey,  because  it  grows  on  extremely  poor  soil,  and 
endures  a  great  deal  of  fire.  This  tree  is  not  the  equal  of  Pinus 
virginiana  and  inferior  in  almost  every  respect  to  Pinus  echi- 
nata.  It  is  a  mistake  to  encourage  the  propagation  of  inferior 
species,  such  as  the  pitch-pine,  in  regions  where  P.  echinata  and 
several  other  excellent  trees  grow  equally  as  well.  Pitch-pines 
are,  of  course,  better  than  nothing,  but  when  they  are  mixed 
with  P,  echinata^  as  is  often  the  case  in  Southern  New  Jersey, 
the  latter  should  be  favored.  In  spite  of  fires,  and  the  great 
demand  for  its  wood  in  early  times  for  ship  construction,  owing 
to  its  marvelous  reproductive  ability,  the  smooth-bark-pine  has 
held  its  own. 


*Ia  a  way,  the  chettnut  is  without  a  rival.  It  is  a  rapid  grower,  forming  a  vigorous  coppice,  pro- 
ducing a  valuable  nut,  and  yielding  a  wood  which  is  highly  prized  for  fuel,  fence-posts,  fence-rails,  ties,, 
tel^raph  poles  and  interior  house-finish.  For  the  latter  purpose  it  has  become  of  late  very  fashionable 
and  is  equal  in  beauty  to  other  hard  woods  which  are  worked  with  much  more  difficulty.  Tht  chestnut 
should  b«  grown  wherever  the  soil  is  able  to  support  it.  Like  the  black-walnut  the  chestnut  is  able  to 
grow  on  soils  which  may  be  classed  as  medium  in  quality,  and  (in  places  where  there  is  sufficient  moist- 
ure) even  on  very  sandy  soil. 
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In  the  "  Timber  Pines  of  the  South,"  Dr.  Chas.  Mohr,  in  the 
chapter  on  this  species,  says :  "  When  maintenance  of  forest,  and 
production  of  timber  under  a  rational  system  of  forestr>'  is  to 
become  the  rule,  this  species,  above  all  others  of  southerly  distri- 
bution, will  claim  attention,  for  it  can  be  safelj^  asserted  that  of 
the  coniferous  trees  adapted  to  the  climatic  conditions  of  the 
Southern    Atlantic    forest,  no   other  can  be   found    of    better 
promise,  for  the  production  of  valuable  timber  in  the  shortest 
time."     In  another  place  he  says :  "Among  the  coniferous  trees 
of  Eastern  North  America,  the  short-leaf-pine  stands  next  to  the 
long-leaf-pine  {P,  pahistris)^  in  importance  to  the  lumber  indus- 
try and  in  the  value  of  its  timber.     Freer  from  resinous  matter, 
softer,  more  easily  worked,  not  less  susceptible  of  a  good  finish, 
the  lumber  of  the  short-leaf-pine  is  often  preferred  by  the  cabinet- 
maker and  the  house-carpenter  to  that   of  the  long-leaf-pine. 
Less  tenacious  and  of  less  power  of  resistance  under  strain,  it  is 
principally  used   for  the   lighter   frame-work  in   buildings,   for 
weather-boarding,  flooring,  ceiling,  wainscoting,  cases  for  win- 
dows and  doors,  for  frames  and  sashes  of  all  kinds,  and    for 
shingles.     Most  of  the  dwellings  located  within  the  districts 
where  this  tree  prevails  are  built  almost,  entirely  of  short-leaf- 
pine  lumber,  which  bears  ample  testimony  to  its  wide  usefulness. 
It  is  also  extensively  employed  in  car-building,  for  cross-ties, 
and  in  the  manufacture  of  furniture.''     In   another   place  he 
says :  **  No  other  timber  tree  found  in  the  southern  portion  of 
the  Atlantic  forest  region  is  more  easy  of  natural  reproduction 
than  this,  throughout  the  wide  range  of  its  distribution.     This 
is  readily  accounted  for  by  its  great  fecundity,  the  seeds  pro- 
duced in  great  abimdance  almost   without   failure  every  year 
being  profusely  spread    far  and  wide,  and   genninating  easily 
whenever  the  proper  soil  and   a   chance  are  offered  for  their 
reception.     By  their  thrifty  growth  the  seedlings  soon  gain  the 
upper-liand  over  the  contemporary  growth  of  other  species." 

Sudworth,  in  a  paper  on  the  '*  Forest  Trees  of  Tennessee,'' 
says:  ''As  is  well  known  this  pine  [P.  cchiuata,  short-leaf-pine) 
ranks  in  coniniercial  importance  next  to  the  famous  long-leaf. 
The  adaptation  of  the  pine  to  the  poor,  dry  hills  and  other  slop- 
inj^  lands  of  East  Tennessee  is  truly  remarkable  as  seen  in  some 
localities.     Theories  that  great  care  and  nursing  are  necessar\' 


REPORT  ON  FORESTS.  283 

to  re-establish  a  pine  forest  on  entirely  denuded  land  are  easily 
controverted  by  the  thousands  of  young  short-leaf-pines  taking 
possession  readily,  and  in  dense  stands  of  old  pasture  and 
abandoned  hills,  and  entirely  without  the  nursing  influence  of 
broad-leafed  kinds.  Even  under  the  damaging  influence  of 
tramping  stock  and  invading  fire,  this  young  growth  has 
gradually  advanced,  and  solid  phalanxes  of  saplings  and  middle- 
sized  polewood  now  form  a  large  part  of  the  second-growth 
woodlands  attached  to  farms,  together  with  oaks  and  other  hard- 
woods. There  appears,  therefore,  to  be  no  more  useful  and  valu- 
able concomitant  in  the  future  forestrv  of  East  Tennessee  than 
this  willingly  self-propagated  short-leaf-pine.'' 

Now  and  then  a  beautiful  seedling  forest,  naturally  regenerated 
from  adjoining  woods,  may  be  seen  in  New  Jersey,  and,  as  in  the 
eastern  peninsula  of  Virginia,  if  this  species  is  favored,  in  the 
course  of  time  it  will  be  the  rule  and  not  the  exception.  It  is 
not  difficult,  however,  to  secure  a  good  stand  by  sowing  the  seed, 
provided  the  seed  is  fresh  and  fertile.  The  easiest  and  cheapest 
way  is  to  plant  the  seed  mixed  with  dirt  in  rows,  or  in  narrow 
strips,  across  the  field,  four  or  five  feet  apart.*  The  best  way  to 
prepare  this  seed-bed,  in  case  the  land  is  not  too  stumpy,  is  to 
run  a  narrow,  one-horse  scratch-harrow  over  it,  and  then,  after 
the  seed  is  sown,  run  the  harrow  over  the  same  strip  again,  in 
order  to  cover  the  seed.  If  one  man  strikes  out  the  strips  with 
the  harrow,  while  another  sows  the  seed,  a  large  area  can  be 
covered  in  a  short  time.  Where  a  horse  and  harrow  cannot  be 
used,  it  is  best  to  work  in  the  seed  with  a  rake.  Throughout 
the  south  swine  prepare  this  seed-bed.  After  the  seed  has  been 
sown,  if  the  soil  is  ver\'  dry  and  sandy  and  liable  to  shift,  the 
strips  must  be  covered  with  pine-chats  and  brush,  on  which  a 
little  sand  mav  be  thrown  to  hold  them  down.  As  soon  as  the 
young  pines  fonn  a  closed  canopy  thinning  should  begin,  and 
continue  throughout  the  whole  period  of  their  life,  so  that  the 
trees  may  have  sufficient  space  and  light  and  yet  free  themselves 
of  limbs.  The  removal  of  litter  and  the  time  of  cutting  depend 
entirely  upon  circumstances.  If  the  owner  needs  the  litter  it  is 
proper  to  remove  it ;  if  he  wants  poles  or  small  pilings  there  is 
nothing  to  hinder  him  from  cutting  his  forest  in  the  pole-stage. 

*  A  good  stand  of  the  short- leaf-pine  has  been  secured  by  spreading  the  pine  twigs  with  ripe  cones 
attached  over  the  land 
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Red-cedar  {Jtutiperus  virginiand)  is  an  excellent  tree  for  the 
dry  sandy  upland.     No  American  tree  has  a  more  interesting 
and  instructive  oecology.*     It  ranges  from  Cape  Cod  to   Van- 
couver's Island,  from  Canada  to  Florida.    In  the  north  it  inhabits 
dry,  rocky  uplands ;  in  the  south  it  grows  in  sjvamps,  which  are 
often  covered  with  water ;  in  the  rich  bottom-lands  of  the  Mis- 
sissippi Valley  it  is  a  lofty  and  noble  tree ;  in  the  limestone 
regions  of  northern  Alabama  it  is  almost  a  bush  ;  and  along  the 
shores  of  New  Jersey  it  is  flat-crowned  and  irregular,  but  a  beau- 
tiful tree  in  spite  of  shifting  sand  and  salt  sea  breezes.     The 
quality  of  the  wood  also  depends  upon  the  region  in  which  it 
grows.    In  many  places  it  is  of  little  worth  ;  in  others  it  is  excel- 
lent in  quality,  strongly  aromatic,  rich  red  in  color  and  famous 
the  world  over  for  pencils.     It  is  one  of  the  commonest  trees  in 
Southern  New  Jersey,  quickly  producing  a  highly  prized  wood 
on  soil  the  surface  of  which  at  least  is  sterile.     Its  fruits  are 
devoured  by  birds  which  scatter  its  seeds.    When  growing  alone 
it  is  pyramidal  in  shape,  with  many  branches.     Sometimes  the 
twigs  and  leaves  are  stiff  and  prickly  ;  sometimes  soft  and  pendu- 
lous.    The  wood  of  these  knotty  trees  is  extremely  beautiful, 
and  the  limbs  are  of  use  for  boat  knees,  rustic  fences,  etc.     It  is 
also  an  excellent  wind-break,  although  subject  to  a  fungous  dis- 
ease which  infests  the  apple  and  quince. t 

*The  basb  of  silviculture  is  cccology  or  the  science  of  trees  in  relation  to  their  enTirooment,  many 
of  the  most  important  points  of  which  in  reference  to  American  species  are  unknown.  If  nch  may  be 
learned  of  the  habits  of  trees  by  studying  them  in  regions  in  which  they  are  not  indigenoos.  If  ore  b 
known  of  the  silvicultural  peculiarities  of  several  American  trees  in  Europe  than  in  AnMiiau  A  carcfiil 
study  of  the  tropical  forest  will  throw  light  upon  many  physiological  problems,  capedally  tboae  wUch 
have  to  do  with  climatic  conditions  (see  Haberltindf*  Tro^enreite).  It  behooves  the  Amaricaas  !• 
emulate  the  Dutch  in  Java  and  the  English  in  India,  and  establish  in  their  new  poaseasioiii 
stations,  schools  and  laboratories  where  northern  students  may  study  plant  phyuology,  the  Hmt  qwm 
of  agriculture  and  silviculture. 

t  The  cedar-apple  {GymnoiPoran^um  macropus)  is  common  throughout  the  State,  aad  is  of  i 
nterest  because  it  leads  a  dual  life,  one  phase  of  which  is  on  the  red-cedar  {Juniprmt  virgtmuum),  aad 
the  other  has  the  cultivated  quince,  apple  and  their  allies  for  its  host  plants.  On  the  twigs  of  ^e  cedar 
it  causes  brown,  irregularly  lobed  excrescences,  as  large  as  chestnuts,  over  the  surf  ace  of  which  there  are 
slight  indentations  or  centers  in  which  the  teleutospores  are  located.  These  spores  arc  thidc-waUed. 
brown,  two-celled  bodies,  which  in  warm,  moist  spring  weather,  germinate,  that  b,  the  cell>wall  breaks, 
and  there  protrudes  from  each  cell  of  the  teleutospore  a  hypha  or  tube  on  the  end  of  which  aevetal 
small  spores  or  sporidia  are  formed.  All  the  germinal  tubes  from  one  center  adhere  together,  formiag  an 
orange-colored,  gelatinus,  tentacle-like  growth.  Several  of  these  gelatinous  masses,  dbtributed  over  the 
surface  of  the  whole  excrescence,  give  it  the  appearance  of  a  crysanthemnm  a  short  distaace  fro^  the 
tree.  Very  often  many  hundreds  of  these  may  be  seen  on  a  single  tree,  and  when  they  are  in  the  hci^t 
of  their  germination  are  peculiarly  striking.  The  sporidia  are  borne  long  distances  by  tbe  wind  to  tiie 
young,  tender  leaves  of  the  apple  and  quince,  on  which,  if  the  conditions  arc  right,  thty  soon  germinate, 
and  produce  the  other  stage  of  this  peculiar  disease,  which,  on  its  orchard  hosts,  causes  the  wdl-kaowa 
"rust."  Although  thu  fungus  does  practically  no  injury  to  the  cedar,  "the  rust"  b  a  rtrj  ssiiom 
disease,  especially  in  the  south.  It  is  more  dangerous  to  quinces  than  to  apples.  The  spores  can  be 
carried  by  the  wind  several  miles.  Although  not  wise  to  plant  orchards  is  the  neighborfaood  of  re«l> 
cedars,  or  vice-versa,  this  disease  U  not  of  suflEident  seriousness  to  discourage  the  pcopsgation  oi  dm 
red-cedar  in  South  Jersey,  because  the  apple  industry  is  there  of  little  importance. 
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The  young  red-cedar  trees  are  difficult  to  transplant  in  dry 
sandy  soil,  and  the  seeds,  although  abundant  and  easily  collected, 
rarely  germinate  evenly.  I  have  been  told  that  nurserymen 
bury  them  in  a  ''rot-heap''  for  two  winters  and  a  summer,  and 
sow  them  the  following  spring.  (The  same  is  true  of  the  holly 
\^Ilex  opacd].)  The  wood  of  the  cedar,  even  when  knotty,  is  in 
demand  for  posts  ;  the  quality  produced  in  Southern  New  Jersey 
is  excellent  and  there  is  little  land  too  dry  and  sandy  to  support 
it. 

Of  the  hardwood  trees,  the  most  valuable  for  the  dry  uplands 
of  New  Jersey  is  the  Robinia  pseiidacacia.^  In  the  Region  of 
Bordeaux,  where  the  soil  is  similar  to  that  of  the  Coastal  Plain 
of  South  Jersey,  extensive  private  plantations  may  be  seen. 
P'or  this  purpose,  especially  on  small  farms  where  fencing  is  an 
important  item,  the  locust  has  no  equal  in  spite  of  the  depreda- 
tions of  the  borer.  In  California,  I  have  been  told,  the  borer 
does  not  exist,  and  that  in  twenty  years  a  locust  tree  in  the 
open  attains  a  diameter  of  as  many  inches.  It  is  claimed  by 
some  that  the  injury  caused  by  this  insect  is  less  if  other  trees 
are  planted  with  the  locust.  It  is  excellent  for  planting  in  open 
places  in  the  forest  in  the  form  of  hursts,  here  and  there,  or  as  a 
fringe  to  pine  plantations  especially  along  railroads  because  it  is 
not  inflammable.  The  locust  grows  rapidly  on  poor  soil,  pro- 
duces an  extremely  useful  and  durable  wood  and  an  ash  richer 
in  inorganic  constituents  than  the  majority  of  hardwoods.     As 

*A  great  disadvantage  of  the  locust  is  the  fact  that  it  is  seriously  infested  in  this  country  by  the 
locust-borer  ( Cyllene  robinict).  It  was  indeed  fortunate  for  Europe  that  when  the  locust  was  introduced 
this  pestiferous  insect  was  not  imported  with  it.  In  Europe,  it  is  a  beautiful  shade  and  omamenul  tree ; 
in  its  native  land,  owing  to  the  depredations  of  this  insect  it  is  usually  unsightly.  The  trunks 
and  limbs  are  sometimes  completely  honeycombed  by  this  insect.  If  the  trees  are  watched  in 
August  and  September,  one  is  likely  to  find  handsome  brown  and  yellow  banded,  wasp-like  beetles, 
laying  oval,  dull  white  eggs  in  wounds  and  crevices  of  the  bark.  In  about  ten  days  these  eggs  hatch  and 
the  larvae  bore  into  the  tree.  They  are  still  small  by  winter,  during  which  time  they  lie  dormant  in  the 
wood.  In  the  spring  they  begin  to  bore,  until  about  August,  when  they  stop  feeding  and  enter  the  pupa 
stage,  and  a  week  or  so  later  appear  as  full-sized  beetles.  These  beetles  live  upon  the  pollen  of  the 
golden-rod.  The  outermost  trees  are  usually  completely  riddled,  while  those  in  the  center  of  a  group 
may  escape  altogether.  It  seems  to  suffer  less  also  when  mixed  with  other  trees.  Although  these 
insects  are  very  abundant  and  seriously  injure  the  wood  and  impair  the  vitality  of  the  tree,  it  is  still  fit  for 
fence  posts,  for  which  it  is  almost  exclusively  used.  This  insect  infests  healthy  trees,  growing  on  rich 
soil,  but  the  proportion  of  trees  in  a  plantation  which  is  thus  seriously  injured  is  not  sufficient  to  dis- 
courage the  propagation  of  this  unique  and  extremely  useful  tree.  Owing  to  the  depredations  of  the 
locust -borer  it  is  always  best  to  mix  another  species  with  the  locust.  For  this  purpose  Prunus  urotina 
and  the  American  chestnut  are  excellent.  The  wild-cherry  (P.  serotina)  is  worthy  of  more  encourage- 
ment than  it  has  heretofore  received.  It  grows  on  poor  soil,  is  easily  propagated,  yields  an  excellent 
wood,  and  attracts  birds  which  are  fond  of  its  fruits.  Mr.  J.  H.  Schober,  the  pioneer  of  heath  planting 
in  Holland,  who  is  experimenting  with  many  species  of  foreign  trees  on  his  plantation  at  Schovenborst, 
was  loud  in  his  praises  of  this  tree  and  pronounced  it  one  of  the  most  promising  of  hit  vast  collection. 


286      GEOLOGICAL  SURVEY  OF  NEW  JERSEY. 

with  other  leguminous  plants,  bacteroids,  which  reside  in  a 
symbiotic  state  in  tubercles  on  its  roots,  are  able  in  some  myste- 
rious way  to  accumulate  nitrogen.  The  litter,  which  is  rich 
but  thin,  quickly  decays.  Once  established,  the  locust  hurst 
will  never  need  renewal ;  hundreds  of  stool-shoots  and  root- 
suckers  are  present  to  take  the  places  of  felled  trees  on  the 
admission  of  light.  Besides  a  tap-root  the  locust  has  an  exten- 
sive horizontal  root  system  by  which  the  soil  is  held  in  place. 
It  is  for  this  reason  used  on  railroad  embankments  and  dry  soils 
subject  to  shifting.  The  wood  is  useful  for  posts  and  other  pur- 
poses, even  when  young,  and  is  therefore  of  great  value  for 
private  planting.  Both  red  cedar  and  black  locust  may  be  sown 
in  the  same  way  that  I  have  indicated  for  the  pine.  The  seeds 
of  the  locust,  if  planted  in  the  spring,  should  be  soaked  in  warm 
water  for  three  days  before  planting. 

The  white-cedar  {Cha^ncBcyparis  thy  aides)  is  the  choicest  of 
the  soft  woods  of  Eastern  America.  Not  even  inferior  to  the 
famous  pumpkin-white-pine.  In  fact,  for  boat  and  tank  con- 
struction it  has  no  equal.  The  wood  is  light,  soft,  clean,  easily 
seasoned,  and  remarkable  for  its  durability.*  It  neither  warps 
nor  checks  under  the  most  trying  circumstances.  It  is  exten- 
sively used  for  bridge-plank,  shingles,  weather-boards,  interior 
finish,  and  in  the  construction  of  fences  either  in  the  form  of 
rails  cr  palings.  It  has  a  pleasant  cedary  aroma,  and  when 
exposed  to  the  weather  becomes  a  beautiful  steel  or  lichen-gray 
color. 

The  white-cedar  should  be  grown  in  the  form  of  a  pure 
crowded  wood,  on  wet  mucky  or  wet  sandy  soil.  The  canopy 
should  be  uninterrupted,  and  the  lower  limbs  should  interlace. 
If  the  forest  is  too  thin,  irregular,  with  all  age  classes  and  here 
and  there  other  species,  the  trees  are  easily  uprooted  by  the 
wind,  owing  to  the  slight  hold  which  they  have  upon  the  soft 
mucky  soil.  The  stand  should  be  so  thick  and  the  lower  limbs 
interlace  to  such  an  extent  that  the  tree  will  free  itself  from 
branches,  produce  clean  boles  and  prevent  the  growth  of  under- 
brush.    Owinj^  to  its  sharp,  conical  top  it  endures  close  plant- 

*  The  bark  of  the  white-cedar  \%  tough  and  fibrous  and  similar  to  coir  In  nature.  Many  trees  of  this 
species  in  South  Jersey  have  been  ruined  by  the  fishermen,  who  use  strips  of  the  tough  bark  on  which  to 
string  their  fish.  In  Russia  the  manufacture  of  mats,  rope,  etc.,  from  bark  is  an  important  isdnstry,  and 
in  New  Jersey  the  white-cedar  bark  might  be  used  for  similar  pturposet. 
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ing,  although  regular  thinnings  are  necessary  almost  throughout 
the  whole  period  of  its  life. 

In  this  way,  even  in  America,  the  forest  will  yield  a  small  but 
constant  income,  since  there  is  some  demand  for  cedar  poles. 
When  sawed  in  half,  barked  and  soaked  in  preservatives,  these 
poles,  even  when  very  small,  are  of  use  in  the  construction  of 
fences.  In  spite  of  the  common  use  of  wire,  there  is  still  in 
America  great  demand  for  good  fence  material.  These  saplings 
are  useful  for  vine-props,  masts  for  small  boats,  handles  for 
rakes,  boat-hooks  and  the  like,  racks  for  wagons  and  stalls,  flag- 
poles, plaster-laths,  fence-palings,  and  even  shingles.  In  fact, 
from  the  time  the  tree  reaches  a  diameter  of  three  inches  it  is 
useful. 

If  a  cedar  tree  becomes  covered  with  gray  lichens,  as  is  often 
the  case,  it  indicates  slow  growth,  unhealthfulness  and  unsuit- 
able environment. 

The  cedar  is  a  great  seed-producer,  even  when  quite  young. 
The  seeds  are  formed  in  small  cones  and  are  easily  collected. 
A  pure  stand  of  cedar  may  be  secured  in  three  ways.  If  one  has 
a  mixed  deciduous  swamp,  with  here  and  there  a  cedar,  as  is 
common,  the  easiest  way  to  convert  it  into  a  pure  stand  of  cedar 
is  to  cut  and  keep  down  all  trees  except  the  cedar.  These  seed- 
trees,  with  the  admission  of  light  and  air,  will  produce  an 
abundance  of  seed.  A  stand  of  cedar  produced  in  this  way 
may  be  irregular  and  uncertain.  Perhaps  the  easiest  and 
quickest  way  to  secure  a  stand  of  this  tree  is  to  plant  it. 
Young  cedars  are  constantly  invading  cranberry'  bogs  where 
they  are  ver\'  unwelcome.  These  can  be  easily  secured  in  large 
numbers,  and  are  better  for  planting  than  the  spindling  speci- 
mens from  the  woods.  Another  way  is  to  sow  the  seed.  After 
removing  all  the  trees  and  brush  from  the  place  where  a  cedar 
stand  is  desired,  when  not  too  dr\',  it  is  best  to  burn  over  the 
surface,  and  then  sow  the  seed  mixed  with  dirt. 

Among  those  species  which  grow  with  surprising  rapidity, 
even  on  poor  soils,  and  which  may  be  easily  propagated,  the 
Cottonwood  or  Carolina-poplar  {Popitlus  deltoides)  deserves  first 
place. 

In  speaking  of  this  tree  in  his  bulletin  on  the  cultivated 
poplars,  Prof.  Bailey  says :    ''  Taking  all  things  into  consider- 
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ation^  the  cottonwood  is  probably  the  best  of  the  poplars  for 
general  ornamental  planting.  It  grows  rapidly  and  in  almost 
every  soil,  and  yet  it  possesses  an  air  of  strength  and  durability 
which  most  of  the  poplars  lack.  Its  foliage  is  always  bright 
and  glossy,  and  the  constant  movement  of  the  broad,  rich  green 
leaves  gives  it  an  air  of  cheeriness  which  few  trees  possess. 
The  tree  has  been  much  used  upon  the  western  prairies  and  in 
western  towns  much  too  abundantly  for  good  landscape  effects. 
The  rapid  growth  of  the  tree  gives  a  feeling  of  luxuriance  to 
plantations,  even  when  most  other  trees  appear  to  be  weak  or 
starved.  The  cottonwood  grows  best  upon  rather  low  lands, 
and  yet  it  is  generally  an  admirable  tree  upon  high  and  dry- 
areas.** 

The  so-called  Carolina-poplar,  according  to  Prof  Bailey,  is 
only  a  very  luxuriant,  cultivated  form  of  the  cottonwood.  Like 
the  locust,  the  cottonwood  has  an  extensive  root-system,  and 
ref)roduces  itself  profusely  by  means  of  root  suckers.  It  is,  there- 
fore, excellent  for  holding  the  soil  in  place. 

The  wood  of  this  tree  is  extensively  used  in  the  manufacture 
of  paper,  and  there  is  no  reason  for  supposing  that  the  demand 
will  not  increase.  This  tree  grows  perfectly  on  the  moist  pine- 
barren  land  of  Southern  New  Jersey,  and  I  can  see  no  reason 
why  its  cultivation  should  not  be  encouraged. 

Throughout  southern  Europe  the  poplars  are  extensively 
planted  by  the  owners  of  small  holdings.  These  tall  straight 
trees  form  a  characteristic  feature  of  the  French  and  Italian 
landscape.  They  prefer  poplar,  because  the  trees  are  easily  pro- 
duced from  cuttings,  because  they  soon  grow  to  a  size  fit  for 
boards,  because  they  yield  the  peasant  loppings  for  fuel,  and 
because  they  throw  so  little  shade  that  grass  and  other  crops 
will  grow  between  the  rows.  Plate  XXIV  shows  a  peasant  bind- 
ing poplar  loppings  in  fagots  for  fuel,  and  a  peasant  sawing 
boards  by  hand  from  poplar  logs  which  he  has  probably  raised 
from  cuttings  of  his  own  planting. 

This  leads  us  to  the  consideration  of  those  persons  who  possess 
small  tracts  of  land  in  South  Jersey  out  of  which  they  must  earn 
a  livclili(M)d.  The  land  has  been  undergoing  such  a  process  of 
division  of  late  that  the  average  land-holder  probably  owns  little 
more  than  a  hundred  acres.     The  day  of  the  large  farm  in  New 
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Jersey  is  past.  Owing  to  its  nearness  to  excellent  markets, 
general  farming  is  being  replaced  by  a  more  intensive  form  of 
agriculture,  and  old-fashioned  crops  are  being  replaced  by 
specialties. 

Hundreds  of  uneducated  emigrants  have  invaded  the  Pines, 
owing  to  the  cheapness  of  the  soil  and  proximity  to  large  cities. 
Few  of  these  have  brought  with  them  European  forestry  ideas, 
and  many  of  the  most  disastrous  fires  are  those  which  they  care- 
lessly set  in  clearing  their  farms.  Throughout  this  region  there 
are  German,  Italian,  Russian  and  other  foreign  colonies.  By 
thrift  and  frugality  many  of  these  have  produced  fruitful  farms 
on  soil  that  was  fonnerly  waste-land,  indeed  it  is  claimed  that 
owing  to  the  warmth  of  this  silicious  soil,  the  fruits  are  earlier 
and  sweeter.*  It  may  be  easily  worked  with  one  horse  and  few 
implements  at  any  time  when  not  frozen,  and  when  abundantly 
fertilized  and  watered  produces  a  superior  grade  of  fruits  and 
vegetables. 

What  the  small  farmers  have  already  accomplished  in  this 
region  demonstrates,  without  a  doubt,  that  there  are  many  latent 
possibilities  in  the  pine-lands  of  New  Jersey.  Owing  to  the 
development  of  rapid  transit  and  the  cheapening  of  transporta- 
tion rates,  a  migration  from  the  cities  into  the  neighboring 
country  has  begun.  A  large  proportion  of  cultivatable  land, 
therefore,  is  destined  to  be  cleared  and  farmed,  and  to  these 
prospective  farmers  I  would  suggest  a  **  forest  farm." 

Suppose  a  person  possesses  one  hundred  acres  of  woodland, 
out  of  which  he  wishes  to  make  a  combination  forest  and  farm. 
The  first  step  is  to  clear  a  fire-lane  around  the  whole  of  it,  at 
least  two  hundred  feet  in  width.  This  lane  should  constitute 
the  cultivated  portion  of  the  farm.  On  this  no  inflammable 
crop  should  be  planted. 

Even  the  sandiest,  driest  land,  when  fertilized  with  the 
quickly  disintegrating  pine-chats,  produces  a  fine  grade  of  sweet- 
potatoes,  which  are  richer  than  the  white-potato,  and  together 

*  It  is  very  difficult  to  say  just  what  lands  are  unfit  for  cultivation.  Good  agricultural  soil  may  often 
be  unfit  for  trees  and  via  virsa.  Even  the  "  Plains  "  of  New  Jersey  would,  if  properly  treated,  produce 
choice  grades  of  grapes,  berries  and  sweet  potatoes,  and  perhaps  other  fruits.  In  North  Jersey  the 
choicest  peaches  are  produced  on  what  is  apparently  the  roughest  and  most  inhospitable  soil.  Many 
Italians  have  thrifty  fruit-fiarms  on  extremely  sandy  soil  in  the  southern  part  of  the  State.  A  large  per 
centage  of  the  best  land  in  Southern  New  Jersey  is  still  in  forest.  In  fact,  in  early  times  the  land  easiest 
to  clear  was  cleared  first  regardless  of  the  quality  of  the  soil,  and  many  of  our  finest  farms  were  once 
true  waste-Iands. 

19   FOR 


290      GEOLOGICAL  SURVEY  OF  NEW  JERSEY. 

with  game,  fish  and  [berries  often  constitute  the  whole  food  of 
the  natives. 

If  the  one  hundred  acres  referred  to  is  perfectly  square,  a  fire- 
lane  two  hundred  feet  wide  around  it  would  contain  about 
thirty-five  acres — as  much  as  one  man  can  comfortably  till. 
There  would  be  left  in  the  center  a  forest  containing  about 
sixty-five  acres  to  which  the  principles  of  silviculture  I  have 
already  mentioned  may  be  applied. 

If  the  whole  area  of  woodland  in  Southern  Jersey  were  treated 
in  this  way,  sixty-five  per  cent,  would  be  left  in  wood,  and  the 
whole  would  be  cut  up  in  such  a  way  that  extensive  fires  would 
be  impossible.  The  sixty-five  acres  of  forest  should  be  divided 
into  about  four  blocks  of  fifteen  acres  each,  by  lanes  or  avenues 
wide  enough  to  permit  a  wagon  to  pass.  These  lanes  should  be 
kept  clear  of  litter  during  the  fire  season.  If  part  of  the  land  is 
swamp-bottom  the  owner  is  fortunate.  He  can  easily  have  a 
white-cedar  hurst,  a  cranberry-bog  and  an  osier-holt,  which  will 
add  materially  to  the  profits  of  his  farm. 

Owing  to  the  fact  that  these  swamp^lands  shrink  and  become 
lower  and  damper  on  being  tilled,  unless  assiduously  drained  it 
is  better  to  plant  crops  which  need  little  or  no  cultivation,  such 
as  forest  crops,  willows  for  baskets,  the  high-bush-blueberr>^  and 
the  cranberry. 

Willow  culture  is  destined  to  become  an  important  industry- 
in  this  region.  The  first  to  begin  it  on  damp  pine-barren  land 
was  the  Baron  de  Hirsch  Colony  of  Russian  refugees.  The 
willow  has  been  righty  called  the  Cinderella  of  trees.  It  will 
grow  on  land  which  for  other  purposes  is  almost  hopeless.  Its 
pliant  twigs  are  excellent  for  trunks,  boxes,  crates,  etc.,  besides 
baskets.  It  furnishes  work  at  a  season  of  the  year  when  there 
is  little  else  to  do.  It  is  a  good  plan,  as  is  common  in  Europe^ 
for  one  member  of  the  family  to  learn  the  trade  of  basket- 
making.     In  this  way  a  local  industry  is  produced. 

In  addition  to  these  industries,  if  progressive,  the  owner  of 
the  "  forcst-fann  ''  could  keep  both  bees  and  poultry'  with  profit, 
even  in  the  most  remote  and  barren  part  of  this  whole  region.* 

*  Every  enterprising  farmer  should  have  in  the  comer  of  his  garden  a  permanent  Mcd-bed.  It 
should  be  boxed  on  the  sides  and  ends  with  wide  strong  boards  and  covered  with  fine  pooltry  netting 
which  should  be  nailed  to  a  frame  so  that  it  can  be  easily  removed.  The  soil  of  the  bed  ihoold  be  a  soft, 
rich,  sifted  loam.  Whenever  the  farmer  in  his  travels  finds  seeds  of  trees  which  are  desirable  he  should 
sow  them  in  this  bed.  While  the  trees  are  still  small  he  should  transplant  them  to  his  wood4ot.  In  this 
way,  little  by  little,  and  with  the  expense  of  only  a  little  labor,  he  can  supply  himself  with  sredlings  and 
gradually  improve  the  condition  of  his  forest. 
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Apiculture,  although  it  requires  considerable  skill  in  manipu- 
lation, should  be  a  subsidiary  forest  occupation.  This  has  been 
strongly  recommended  to  the  forestr>'  people  throughout 
Europe  who  have  their  homes  in  the  forest.  In  South  Jersey 
there  is  abundant  bee  pasturage.  The  locust,  the  linden,  the 
catalpa,  the  chestnut,  the  red-maple,  the  hazel,  laurel,  huckle 
and  blue-berries,  grape  vines,  willows,  holly,  persimmon,  mag- 
nolia and  a  host  of  other  plants,  yield  honey,  or  pollen.  From 
pollen  bee-bread  is  manufactured  on  which  the  larv^ae  are  fed. 
From  buds,  etc.,  the  bees  collect  a  viscid  glue,  or  propolis,  with 
which  they  strengthen  their  cells,  and  fill  up  the  cracks  in  their 
hives  as  a  protection  against  cold. 

In  order  to  secure  a  fine  type  of  bee  it  is  necessar}'  to  sup- 
plant the  native  queen  with  one  of  a  better  variety,  either 
Italian  or  Carniolan.* 

Besides  gathering  large  quantities  of  honey,  bees  materially 
increase  the  fruit  and  seed  crops  by  fertilizing  the  flowers. 

Poultr>'-raising  is  also  an  important  subsidiary  occupation. 
In  the  dr>'  soil  and  mild  climate  of  the  Pines  chickens  and  tur- 
keys, and  along  the  rivers  water-fowl,  thrive,  securing  through- 
out a  large  portion  of  the  year  their  own  livelihood,  and  at  the 
same  time  do  incalculable  service  to  the  forest  farmer  in  restrain- 
ing insects,  t 

It  is,  in  short,  through  a  combination  of  several  of  these  indus- 
tries, which  are  minor  only  in  name,  that  forestry  and  farming 
may  become  profitable  on  soil  which  is  not  naturally  fertile  and 
where  many  people  own  only  small  areas. 

The  destruction  of  vast  areas  of  forest  without  regard  to  the 
future  has  a  deleterious  sociological  effect  upon  the  standard  of 
life  and  character  of  the  people   of  such  regions.     In  South 


*  The  domestic  bee  in  America  {Apis  mtllifica)  was  introduced  by  early  settlers  from  Europe.  They 
have  multipled  and  become  common.  The  Cyprian  race  from  the  Island  of  Cyprus  has  produced  the 
largest  yield  of  honey  on  record  for  a  single  colony  in  America.  They  are  the  most  assiduous  of  bees, 
but  are  very  sensitive  and  require  great  care  in  manipulation.  The  Italian  variety  is  also  famous  and 
easier  to  handle.  The  gentlest  of  bees,  however,  is  the  gray  race  of  the  Mountains  of  Camiola  (Krain, 
near  the  Adriatic)  in  Austria.  This  bee  is  steadily  growing  in  favor  in  America.  See  "The  Honey 
Bee,"  by  Frank  Benton,  publication  cf  the  U.  S.  Dept.  of  Agrioilture. 

-f  While  visiting  the  Dunes  of  Holland  I  was  told  that  hens  were  successfully  used  to  combat  an 
insect  which  devoured  the  sedge  which  held  the  sand.  They  were  kept  on  the  dunes  in  large  quantities 
and  as  early  as  three  o'clock  in  the  morning  were  actively  at  work.  I  was  also  told  by  several  willow- 
growers  in  Europe  that  when  their  planutions  become  infested  with  insccu  they  simply  let  in  theu- 
chickens,  which  soon  devour  the  bugs.    O&e  of  the  most  beneficial  fowb  in  this  respect  is  the  turkey. 
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Jersey,  for  instance,  owing  to  the  exhaustion  of  saw-stuffs  there 
are  many  deserted  hamlets  and  silent  sawmills.  It  is  true  that 
on  the  whole  the  population  is  on  the  increase,  but  this  is  due 
to  another  class  who  have  come  from  elsewhere  with  other 
abilities  and  other  objects  in  view.  Many  of  the  natives,  how- 
ever, who  were  born  and  bred  in  the  forest  and  earned  their 
livelihood  in  the  woods  have  been  forced  to  leave  for  other 
regions  and  engage  at  a  disadvantage  in  other  work.  The  few 
who  have  remained  of  this  class  are  in  a  state  of  stagnation,  and 
in  many  instances,  were  it  not  for  the  berry  crop  and  the  game 
in  the  woods,  would  die  of  starvation.  Owing  to  the  fact  that 
they  are  idle  a  large  part  of  the  year,  that  they  are  far  from 
neighbors  except  of  their  own  class,  that  they  are  often  insuffi- 
ciently fed  and  clothed,  there  is  little  wonder  that  many  are 
outlaws.  The  backwoodsman  without  work  is  the  man  who 
sells  his  vote.  The  common  schools  of  America  are  endeavoring 
to  educate  such  people,  but  much  of  the  good  influence  is  offset 
by  the  industrial  depression  which  follows  the  wasteful  destruc- 
tion of  wood  in  a  country  where  the  majority  of  the  people  are 
woodsmen.  Just  as  reckless  deforestation  inevitably  leads  to 
idleness,  want  and  moral  degeneration  among  those  dependent 
upon  the  woods,  so  does  afforestation  have  the  opposite  effect  in 
the  same  if  not  greater  proportion. 

Then,  too,  the  value  of  forests  from  a  hygienic  standpoint  on 
swampy  soils  has  been  underrated.  I  believe  the  malarial  con- 
dition of  our  South  is  due  to  the  ill-treatment  of  forest  lands  and 
the  formation  of  stagnant  marshes  in  consequence.  It  is  a  note- 
worthy fact  that  the  Dismal  Swamp  of  Virginia  and  North 
Carolina  is  free  from  malaria  and  perfectly  healthy,  while  the 
adjacent  fire-swept  pine-lands  are  famous  for  their  unhealthful- 
ness.  Just  as  the  Landes  of  France  were  rendered  healthy  by 
tree-growth  and  drainage,  so  is  it  possible  to  improve  the 
sanitary  condition  of  the  Atlantic  Coast  Region. 


III.    Parts  of   Europe   Similar  to  Southern 

New   Jersey. 


In  Europe  there  are  still  immense  tracts  of  waste-land,  a  large 
proportion  of  which  has  been  robbed  for  centuries,  until  much 
of  it  is  now  in  a. state  of  extreme  poverty.  The  majority  of 
this  land  is  worse,  although  similar,  to  the  Plains  of  South 
Jersey.  The  system  of  removing  not  only  the  turf  but  the 
surface  soil  from  these  wild-lands  is  ultimately  worse  than  the 
effects  of  forest  fires.  A  forest  fire  in  sweeping  over  a  country 
leaves  something  behind  it.  The  inorganic  materials  which  the 
plant  took  from  the  soil  are  returned  to  it  in  the  form  of  ashes, 
and  although  a  part  of  them  may  wash  away,  something  is  left ; 
but  in  the  heathlands  of  northwestern  Europe  the  very  surface 
of  the  earth  is  scraped  together,  so  that  in  the  course  of  time  the 
soil  becomes  bare  and  sterile.  We  usually  think  of  Europe,  and 
especially  Belgium  and  Holland,  as  the  places  of  all  the  world 
where  every  spadeful  of  earth  has  been  turned  over  hundreds  of 
times,  and  where  every  effort  has  been  exerted  to  provide  room 
for  its  swarms  of  people.  One  is  surprised,  therefore,  to  see  a 
new  settlement  called  **  America"  in  the  midst  of  a  great  unset- 
tled plain  in  Holland.  There  are,  in  fact,  in  this  little  country, 
from  four  to  five  hundred  thousand  hectares  *  of  waste-land, 
which  consists  of  heath,  moorland  and  morass.  The  Dutch 
prefer,  and  perhaps  wisely,  to  grapple  with  the  mud  and  water 
along  their  shores.  They  would  rather  farm  into  the  jaws  of 
the  sea  than  work  on  their  dreary  heathlands.  Mr.  Schober,  at 
Schovenhorst,  has  been  striving  for  years,  at  great  expense  and 
with  great  perseverance,  to  show  what  is  possible  on  the  heath- 
lands of  Holland  by  careful  cultivation  and  improved  methods. 
But  just  as  the  Swiss  loves  the  steep  mountain  sides,  so  does  the 

*  Centare  (x  sq.  iBeter)»>i ,550  sq.  is.  Are  (too  sq.  meters)«>-ii9.6 sq.  yds.    Hectare  (10,000  sq.  meters) 
— a.47t  acres. 
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Hollander  love  his  muddy  soil.  This  soil,  although  difficult 
and  expensive  to  reclaim,  when  once  in  shape  is  almost  inex- 
haustibly fertile.  The  fine  sandy  land  of  Holland  has  also  been 
carefully  cultivated,  and  the  dunes  along  the  shore  have  been 
carefully  watched  and  patched  here  and  there  because  they  ser\-e 
as  dykes  along  the  sea.  One  of  the  most  attractive  regions  of 
the  Low  Countries  is  in  the  lee  of  the  Dutch  dunes,  where  there 
are  many  beautiful  villas  and  gardens. 

Although  much  has  been  done  toward  the  reclamation  of 
waste-lands,  the  common  notion  that  every  inch  of  territory  in 
Europe  is  used  to  good  advantage  is  a  mistake.  In  fact,  Euro- 
peans could  learn  much  in  reference  to  land  reclamation  even  in 
the  United  States,  where  good  land  is  still  cheap  and  abundant. 
Much  has  been  done,  for  instance,  in  this  line  in  the  banked 
lands  of  the  Mississippi  Valley  and  the  irrigated  deserts  of  the 
Far  West.  There  is  little  that  one  can  learn  in  Southern  Europe 
outside  of  France  and  Italy,  except  the  disastrous  eflFects  of 
deforestation.  Although  much  that  has  been  done  in  Europe  is 
highly  commendable  and  suited  to  the  peculiar  conditions  which 
exist  there,  it  would  be  difficult  to  say  just  how  much  of  it  is 
applicable  to  America.  There  is  one  important  diflFerence 
betw^een  the  New  and  Old  Worlds  which  should  not  be  over- 
looked in  all  considerations  and  calculations.  It  is  the  fact  that 
in  general  in  Europe  labor  is  cheap  and  materials  expensive  ;  in 
America  the  reverse  is  the  case.  Much  of  the  detailed  and 
extremely  careful  work  which  is  devoted  to  small  and  unim- 
portant things  may  pay  in  Europe  but  not  in  this  coiintr>\ 
One  cannot  help  admiring  the  pains  and  patience  of  these  peo. 
pie,  but  at  the  same  time  in  another  country,  under  different 
conditions,  they  would  themselves  do  otherwise.  Carefiillv 
saving  and  binding  together  small  sticks  into  bundles  for  fuel  is 
all  right  for  the  places  where  fuel  is  scarce  and  expensive,  but 
would  ])e  decidedh-  out  of  place  in  America.  European  sawyers 
are  horrified  at  the  sight  of  a  circular  saw  with  wide  kerf 
])uzzing  at  a  rai)id  rate  and  wasting  a  large  ])roportion  of  the  log, 
Init  it  saves  time,  and  time  has  been  uj)  to  the  present  more 
])recic)us  than  wood. 

lMir()])cans  are  generally  conservative,  esi)ecially  the  peasants, 
j^refcrring  to  do  as  their  fathers  did,  working  often  to  great  dis- 
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advantage  with  implements  which  are  decidedly  clumsy.  And 
then,  too,  all  sorts  of  traditions  and  customs,  rights  and  servi- 
tudes have  been  handed  down  from  generation  to  generation. 
The  poor  peasant  is  often  fettered  by  these  inheritances,  which 
he  joyfully  leaves  behind  him  when  he  enters  a  new  and  fresh 
land. 

In  parts  of  France  forest  fires  are  still  quite  common,  even  on 
land  which  has  been  reforested,  while  in  other  parts  wood  is  too 
precious  to  burn  even  for  fuel.  In  Italy  lumber  is  one  of  the 
scarcest  of  materials,  although  there  are  vast  areas  of  waste-land 
where  wood  could  be  raised  to  advantage,  especially  on  the 
bare  mountain  peaks.  It  is  a  land  of  few  wood-workers  and 
many  masons,  where  even  the  vine-props  are  often  granite.*  The 
supply  and  demand  are  more  local  in  Europe,  and  transportation 
suffers  from  all  sorts  of  hindrances.  A  board  would  pass 
through  more  vicissitudes  in  going  from  Germany  to  Italy  than 
a  bundle  of  shingles  would  in  reaching  New  York  from  Oregon. 
This  is  not  so  of  water  transportation,  which  is  of  course  less 
hampered  by  governmental  interferences. 

In  many  districts  in  Europe  the  inhabitants  depend  upon  turf 
for  fuel,  which  exists  in  almost  exhaustless  quantities  in  the 
heathlands  of  the  north,  and  even  in  Germany  it  is  not  uncom- 
mon to  see  peasants  drying  cow-dung  for  the  purpose. 

In  parts  of  the  Plain  of  northwestern  Europe,  under  the  peat, 
have  been  found  pine  stumps  and  the  stone  implements  of  the 
aborigines.  Another  page  in  its  history  is  illustrated  by  oak 
stumps,  among  which  have  been  found  bronze  axes  and  other 
implements.  Here  and  there  are  beds  of  peat  buried  under  the 
sand,  indicating  that  the  soil  has  been  shifted  hither  and  thither 
by  the  wind.  It  is  generally  believed,  however,  that  the  great 
heathlands  of  northwestern  Europe  were  never  densely  forested, 
and  that  the  trees  existed  in  the  form  of  groups  here  and  there. 
Such  places  were  well  suited  to  the  nomadic  pastoral  stage 
of  man's  existence.  This,  to  a  certain  extent,  still  lingers  in 
the  fonn  of  the  shepherd  tending  his  "  snucken  "  or  little  black 
sheep  on  these  broad  heath-covered  plains.  There,  too,  one 
often  sees  a  bee-keeper  surrounded  by  many  hives  of  little  black 
bees,  which  he  moves  from  place  to  place  for  fresh  pastures. 

*  "  Forestiere  "  in  Italian  means  a  stranger — that  is,  a  person  from  the  forest. 
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The  Belgian  Campine* 

The  first  region  that  I  shall  refer  to  is  the  Belgian  Campine, 
a  large  tract  of  sandy  land  in  the  vicinity  of  Antwerp.  In 
wandering  over  this  region  one  sees  much  that  reminds  him  of 
the  plains  and  barrens  of  Southern  New  Jersey.  The  bushy 
oaks,  the  scrubby  pines,  sandy  or  gravelly  soil,  and  many  plants 
of  the  heath  family  which  cover  the  surface,  are  strikingly 
similar  to  those  of  Jersey.  Here  and  there  in  this  region  are 
small  houses  of  the  Flemish  farmers  who  often  have  a  hard 
struggle  in  squeezing  a  livelihood  out  of  the  soil.  Most  of  these 
peasants  plant  forests  of  pine  with  short  rotation  from  which 
they  get  humus  for  their  compost  heaps  and  fuel-wood.  It  is 
not  uncommon  to  see  a  woman  and  a  dog  in  harness  tugging 
together  at  a  load  of  manure,  or  a  man  in  the  field  plowing 
with  a  cow  which  is  usually  at  the  same  time  milked.  The 
house  and  barn  of  _the  peasant  are  combined,  and  the  manure- 
pile,  which  is  close  to  the  door,  is  his  most  precious  posses- 
sion. Now  and  then  green  manuring  is  practiced,  and  a  field 
of  yellow  lupine  *  is  quite  as  beautiful  as  a  field  of  crimson 
clover. 

Much  that  I  have  to  say  here  in  reference  to  the  Belgian 
Campine  was  suggested  by  a  little  book  entitled  **  La  Culture 
du  Pin  Sylvestre  en  Campine,''  by  L'  Abbe  G.  Smets,  professor 
of  agriculture  at  Hasselt,  in  Belgium.  To  this  I  have  added 
my  own  impressions  and  have  compared  the  two  wherever  possi- 
ble. A  large  number  of  the  Belgian  Scotch-pine  {Pinus^  syi- 
vestris)  plantations  leave  much  to  be  desired.  The  trees  are 
stunted  and  grow  to  a  height  of  only  a  few  meters.  The  volume 
growth  rapidly  attains  its  maximum,  and  even  at  the  age  of 
twenty  years  some  of  the  forests  begin  to  die.  Parasites  are 
abundant!  There  are  few  old  trees;  the  quality  of  the  wood 
is  poor  and  the  best  stands,  according  to  Smets,  yield  small  profits. 

*  I  have  endeavored  to  grow  this  lupine  {Lupinus  lutid)  in  South  Jersey  from  seed  bought  ia  Hoi. 
land,  but  it  failed  to  flourish  both  on  good  and  bad  soil,  owing  probably  to  the  dryness  of  the  sumincr. 
Our  purple  lupine  {Lupinus  pertnnis)  is  worthy  a  trial  on  very  poor,  sandy  soil. 

t  In  the  pine  forests  of  Northern  France  and  Belgium  a  wood-eating  insect  known  to  cnomologista 
as  Hylesinus  pint  ptrdo  atucks  the  pine  in  swarms.  This  little  beetle  bores  into  the  yoong  bnacbcs 
and  tunnels  along  the  medullary  canals.  The  wind  snaps  off  the  damaged  twigs,  and  now.  In  aomo  pine 
districu,  the  forest  floor  is  fairly  strewn  with  the  debris.  The  insect  develops  very  rapidly  under  tba 
bark  of  felled  trees,  and  it  is  found  that  barking  the  logs  immediately  after  they  &I1  under  tbe  axe  pro- 
vents  the  spread  of  the  pest. 
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M.  Houba  says,  however,  "  that  one  must  not  expect  too  much 
of  plantings  on  waste-land,  and  that  the  revenues  from  the  poor- 
lands  of  the  Campine  and  Ardennes  are  equal  to  five  per  cent, 
on  the  capital  invested.*'  (If  American  capitalists  could  make 
sure  of  five  per  cent,  there  would  be  large  investments  in  forest 
land.) 

Heathlands,  which  have  not  been  exhausted  by  the  removal 
of  the  humus,  have  produced  satisfactory  forests.  **  Nothing  is 
sadder,*'  says  Verstappen,  **  than  to  pass  over  certain  wooded 
zones  of  the  Campine,  to-day  offering  a  spectacle  of  decay  which 
seems  without  a  remedy.  Where  thirty  years  ago  one  saw 
superb  pine  groves  yielding  as  much  as  the  best  wheat-lands  of 
Hesbaye,  now  one  sees  only  rare  groves  of  third  and  fourth 
grade,  while  the  greater  part  of  the  surface  is  covered  with  a 
growth  not  exceeding  three  to  five  meters  in  height.*'  Levasseur 
says  that  a  good  plantation  of  pine  properly  managed,  well 
located,  should  yield,  at  the  end  of  eighty  years,  27,175  francs 
per  hectare.  That  is,  according  to  our  system  of  measurement, 
$2,174  per  acre,  or  $27.17  per  acre  per  year!  Prof  Smets  esti- 
mates a  yield  of  from  1,500  to  4,000  francs  per  hectare  in  a 
period  of  30  to  40  years  for  the  Belgian  Campine.  That  is 
about  a  yield  of  $4  per  year  per  acre  for  this  poor  heathland  ! 
If  these  figures  are  correct,  the  wonder  is  why  every  inch  of  that 
land  has  not  been  reclaimed. 

The  Scotch-pine  will  grow  under  a  great  variety  of  condi- 
tions. It  is  not  vers'  sensitive  to  frost  and  accommodates 
itself  to  low  and  damp  places.  It  is  a  tree  of  the  vast  plains  with 
silicious  bottom  and  deep  soil.  It  is  a  species  easy  to  satisfy  and 
has  been  successfully  transported  to  many  countries  into  many 
soils.  It  is  probably  the  most  widely  spread  of  all  the  pines.  It 
is  like  the  red-cedar  of  America  in  respect  to  endurance,  grow- 
ing in  wet  and  dry  locations,  in  hot  and  cold,  on  mountains  and 
in  the  lowlands.  Very  rarely,  however,  does  it  reproduce  itself 
naturally. 

Here  and  there,  at  a  certain  depth,  a  bed  of  impermeable  clay 
or  heath-humus  buried  under  eolian  sand  arrests  the  growth  of 
the  trees.  These  beds  do  not  exist  everywhere  and  their  bad 
effects  may  be  overcome  by  thoroughly  working  and  softening 
the  soil.     This  all  tends  to  prolong  the  life  and  vigor  of  the  tree 
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and  render  more  available  the  nutritive  elements  of  the  soil,  but 
even  plantations  the  soils  of  which  have  been  carefully  pre- 
pared before  planting,  produce  results  which  are  far  from  satis- 
factory'. **  The  poverty  of  the  soil/'  says  Smets,  "  is  the  general 
cause  of  the  failure  of  the  pine  in  the  Campine."  The  idea  has 
prevailed  that  the  Scotch-pine  can  succeed  everywhere,  that  it 
only  demands  a  trace  of  nutritive  elements,  that  every  soil  suits 
it.  Although  the  demands  on  the  soil  by  this  pine  may  be  less 
than  other  forestal  species,  nevertheless  a  soil  may  reach  an 
almost  hopeless  sterile  stage  after  years  of  cropping  by  the 
removal  of  wood  and  the  surface  humus  and  soil.  It  is  well 
known,  too,  that  trees  on  such  soil  are  more  subject  to  disease 
and  quickly  succumb.  They  are  simply  stunted  by  star\'ation. 
Young  trees  en  masse  are,  it  is  said,  as  exacting  in  their  demands 
upon  the  soil  as  a  crop  of  rye.*  Although,  as  I  have  already 
said  in  the  previous  chapter  of  this  report,  very  little  reliance 
can  be  placed  in  the  chemical  examination  of  a  soil,  the  absence 
of  one  essential  ingredient  may  compromise  the  whole  crop. 
When  a  tree  grows  rapidly  and  reproduces  itself  abundantly,  as 
occurs  in  the  pine-lands  of  South  Jersey,  it  is  evidence  enough, 
without  chemical  examinations,  that  the  soil  is  in  good  condi- 
tion, no  matter  how  barren  it  may  appear.  In  the  Plains  of 
South  Jersey,  which  are  treeless,  only  one  essential  may  be  lack- 
ing or  the  difficulty  may  be  a  physical  one.  According  to 
Schiitze,  pineries  may  be  classified  as  follows : 


Pinery,  ist  class, 
2d      *' 


4th     " 


Phosphoric  Acid, 

Potash, 

Lime  (Chaux), 

Per  cent. 

Per  cent. 

Percent. 

0.0501 

0.0457 

1.8876 

0.0569 

0.0632 

0.1622 

-0.0388 

O.I22I 

0.1224 

0.0299 

0.0392 

0.0963 

0.0236 

0.0241 

0.0270 

0.0236 

0.0215 

0.0458 

3d 
4th 

5th 
6th     '* 

The  Expt.  Station  Record  gives  tables  which,  in  general, 
show  the  limits  assigned  to  rich  and  to  poor  soils.  They  are  as 
follows: 


*  The  sands  of  the  Golden  Gate  Park  were  so  p3or  in  nature  that  barley  sown  on  its  swface  after 
being  ploughed  and  cultivated  in  a  favorable  season  with  plenty  of  moisture,  grew  only  aboat  six  inches 
in  height  and  failed  to  perfect  its  seed.  After  planting  sea  grass  to  fix  the  sand  and  lupines  to  enrich  the 
soil,  the  trees  which  were  planted  only  grew  to  a  height  of  ten  feet,  owing  to  the  lack  of  nutriment  in  the 
soil.    See  the  Reclamation  of  Drifting  Sand  Dunes,  in  the  Forester,  for  October,  1899. 


Potash. 

Lime. 

0.05  % 

O.IO  % 

0.05-0.10 

•         •         • 

0.10-0.20 

I.OO 

0.20-0.30 

•        •        • 

0.30  up 

2.00 
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Nitrogen.  Phos.  Acid. 

"Very  poor  soils, 0.05  %  o.oi  % 

Poor  soils 005-0.10  0.01-0.05 

Medium,     o.io  0.05-0.10 

Rich, 0.10-0.20  0.10-0.20 

Very  rich, 0.20  up  0.20  up 

According  to  this  the  treeless  Plains,  as  far  as  the  soil  is  con- 
cerned chemically,  except  in  the  quantity  of  lime,  if  these  analy- 
ses are  correct,  have  a  first-class  pine  soil.  The  soil  of  the  Jersey 
Plains  contains  the  following  ingredients : 

Sample  I.  Sample  II. 

Nitrogen, 0.06  0.03 

Phosphoric  acid 0.07  0.065 

Potash, 0.05  o  02 

Lime, 0.06  0.02 

Silica,  insol., 96.40  96. 95 

Alumina, 1.15  0.28 

Ferric  oxide, 0.40  0.20 

Ferrous  oxide,      1.26  1.06 

Magnesia, 0.04  o  02 

According  to  Smets,  the  soils  of  the  Campine  contain  the  fol- 
lowing proportions  of  ingredients : 


>  Phosphoric  Acid 
^^°**-  i     Sol.         Insol. 


I 


Potash.  Lime  (Chaux).    |         Magnesia. 

j 

in  H  ci.  Sol         Insol.  Sol.        Jnsol.     <     Sol.        Insol. 


Pine  land.  .  0.06  0.013  •  •  •  0.013  0.648  0.004  0.959I  0.023  0.260 
Pine  land  .  0.040  0.012  .  .  .  0.032  2.026  0.055.  ^950  0.033I  1-291 
Cult' v'd  soil,    0.122    o  034;   0010    0.005    o  459    0027    0.624    o.oii    0.052 


According  to  these  analyses,  even  the  Plains  of  South  Jersey, 
if  ploughed  and  worked,  then  planted  with  a  leguminous  crop, 
then  ploughed  again  aud  limed  and  then  planted  with  pines, 
would  probably  produce  a  good  crop,  provided  the  soil  is  not 
too  dry.  Very  often  a  leguminous  crop,  such  as  cow-peas,  may 
not  take  the  first  trial  owing  to  the  absence  of  bacteroids  in  the 
soil  so  that  several  attempts  may  be  necessary.  This  probably 
would  not  pay,  but  it  would  be  an  interesting  experiment.     Ic 
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is  claimed  by  many  that  forests  do  better  on  soils  which  have 
been  cultivated  for  a  time.  The  soil  is  mellowed  by  the  process 
of  cultivation,  and  the  inorganic  materials  which  have  leached 
through  the  surface  during  the  process  of  cultivation  are  reached 
by  the  roots  of  the  trees.  Pines  which  spring  up  in  old 
abandoned  fields  are  very  vigorous,  and  in  Virginia  signs  of  the 
old  corn-rows  may  be  seen  in  forests  on  land  which  produced 
cotton  and  corn  up  to  the  time  of  the  Civil  War.  At  the  same 
time  the  materials  which  have  escaped  the  field  crop  by  leaching 
are  brought  again  to  the  surface  by  the  tree  so  that  the  soil  is 
being  rendered  fit  again  for  agricultural  purposes.  The  forest 
is  thus  an  important  factor  in  the  rotation  of  crops,  as  I  have 
already  explained  in  the  first  chapter  in  connection  with  the 
eastern  shore  of  Virginia.  Although  the  farmers  in  that  region 
remove  the  litter,  they  wisely  allow  old  fields  to  come  again  in 
pines  and  clear  fresh  pine  forest.  By  making  the  rotation  of 
the  pine  short,  the  growing  of  pines  in  the  sand-lands  of  the 
South  may  in  time  play  an  important  agricultural  role,  and  may, 
as  one  in  the  series  of  several  crops,  be  necessary  to  maintain 
the  productiveness  of  the  soil. 

It  must  not  be  forgotten  also  that  the  roots  of  trees  corrode 
even  the  silicates,  and  coarse  sandy  soil,  under  the  influence  of 
vegetation,  becomes  gradually  loam-like  in  nature,  although 
clay  may  be  lacking.  For  this  purpose  pines  have  great  advan- 
tages in  that  they  are  adapted  to  sandy  soils  and  that  the  stumpys 
soon  rot  after  the  tree  is  cut.  It  is  not  a  diflicult  task  to  clear 
a  pine  forest  for  agricultural  purposes.  In  planting  old  fields 
the  surface  should  be  plowed  under  in  order  to  bring  fresh  soil 
to  the  top.  The  young  crop  demands  a  rich  surface-soil ;  later, 
when  the  roots  penetrate  into  the  subsoil  upon  which  the  tree 
feeds,  it  can  take  care  of  itself.  Smets  recommends,  therefore, 
the  growing  of  young  plants  in  nurseries  in  good  soil  first,  and 
claims  that  the  so-called  hardening  of  plants  by  growing  them 
under  adverse  conditions  is  a  mistake.  This  is,  of  course,  expen- 
sive, and  is  not  necessary  in  a  country  where  a  good  crop  is 
usually  produced  naturally  or  may  be  easily  produced  by  sowing. 

There  is  formed  in  the  heathlands  of  the  Campine  a  peculiar 
powdery  dry  light-brown  or  black  humus  which  decomposes 
with  difficulty  and  collects  in  thick  beds.     It  is  formed  mainlv 
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by  the  stems  and  roots  of  heather.  It  is  acid  or  sour  in  nature 
and  sufficient  alkali  to  neutralize  it  is  lacking  in  the  soil.  It  is, 
in  fact,  antiseptic  in  nature.  This  kind  of  peat  does  not  form 
in  Southern  countries  except  in  mountainous  regions.  The 
peat  which  is  formed  in  the  swamp-lands  of  New  Jersey  is  of  a 
ver>'  different  nature,  decomposing  quickly,  being  comparatively 
mild  or  easily  converted  into  a  good  fertile  condition  by  drain- 
age and  cultivation.  This  mucky  land  is  one  of  the  best  forest 
soils  in  New  Jersey,  being  the  home  of  the  white-cedar  (^Chamce- 
cyparis  thyoides)^  our  choicest  soft-wood. 

According  to  Smets  the  role  of  the  pinery  should  be  to  pre- 
pare anew  the  soil  which  has  been  exhausted  on  the  surface  by 
agriculture  or  by  the  removal  of  humus. 

Smets  concludes  that  if  the  heathlands  of  the  Campine  are 
cultivated  for  a  time,  enriched  by  lupines  and  lime,  and  then 
planted  with  pine,  they  will  produce  fair  forests,  provided  the 
humus  and  litter  are  not  removed.  In  Hungary  the  pineries 
are  limed. 

In  reading  the  government  reports  in  reference  to  the  Cam- 
pine  I  have  concluded  that  what  is  accomplished  in  Belgium  in 
this  line  is  accomplished  under  difficulties.  The  struggles  we 
are  having  in  America  are  no  greater  than  those  of  other  coun- 
tries. There  has  been  commission  after  commission,  report 
after  report,  with  all  sorts  of  recommendations.  In  1898  there 
were  still  173,000  hectares  of  unreclaimed  heathland  in  the 
Campine. 

As  an  illustration  of  the  peculiar  difficulties  encountered  I 
shall  mention  **  bud-stealing,^'  which,  although  recent,  is  serious 
in  its  consequences.  These  pine  buds,  which  are  used  in  liquors 
and  medicinal  preparations,  are  collected  and  sold  by  the 
peasants.  Whole  families  work  at  this  industry,  silently  in 
the  night,  in  young  foriests,  in  the  springtime.  The  tree,  when 
robbed  of  its  terminal  bud,  grows  crooked,  and  if  the  process  is 
repeated  stops  growing  and  finally  dies. 

I  shall  conclude  this  section  with  the  statements  that  with 
the  exception  of  the  Plains  the  whole  of  South  Jersey  is  quite 
equal  in  timber-producing  qualities  to  the  better  portions  of  the 
Campine.  Some  of  the  finest  forests  of  the  world,  in  fact,  are 
on  soil  no  worse  than  the  Jersey  sands.     The  magnificent  forest 
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of  Fontainebleau  (40,000  acres),  for  instance,  is  on  a  bed  of  dr>' 
sand.  Remove  this  forest,  and  98  per  cent,  of  it  would  become 
a  desert  of  drifting  sand.  It  should  always  be  borne  in  mind 
that  sandy  soils  in  regions  in  which  there  are  sufficient  warmth 
and  humidity,  if  left  to  nature  and  freed  from  the  pernicious 
interference  of  the  human  species,  fires  and  browsing  animals, 
will  in  the  course  of  ages  become  forest-clad  and  fertile.  By 
forest-clad  I  do  not  mean  a  meagre  growth  of  trees  and  bushes^ 
but  a  rich,  dense  forest,  with  a  soil  which,  under  the  influence 
of  leaf-mold,  will  ever  improve  in  quality,  both  physically  and 
chemically.  By  the  application  of  skill  and  knowledge  this 
process  may  be,  of  course,  hastened.  There  are  French  foresters 
who  have  said  that  were  it  not  for  the  camels  and  Arabs  of  the 
Sahara  the  oases  of  vegetation  would  have  gradually  spread  and 
covered  a  large  proportion  of  that  barren  waste.  On  the  other 
hand  a  magnificent  forest  on  fertile,  sandy  soil  can  be  quickly 
converted  into  a  sterile  desert  by  the  reckless  removal  of  fer- 
tilitv  from  the  surface.  Those  lands  in  Southern  New  Jersev 
which  are  being  subjected  to  the  same  or  similar  processes 
through  which  the  Campine  of  Belgium  has  passed  belong  to 
the  Beacon  Hill  Fonnation,  which  is  mapped  and  described  in 
the  Annual  Report  of  the  State  Geologist  for  1898. 

In  referring  to  this  region,  Mr.  Knapp  says :  "  In  the  vicinity 
of  Hammonton  many  clearings  have  been  made  on  this  fonna- 
tion and  have  been  found  to  be  profitable  for  the  cultivation  of 
berries.  It  is  possible  that  considerable  tracts  elsewhere  might 
be  used  in  the  same  way,  but  at  present  a  ver\'  small  proportion 
only  of  this  formation  is  in  cultivation.  The  formation  as  a 
whole  seems  to  invite  forest  culture  rather  than  the  ordinary- 
form  of  agriculture. '^  He  also  assures  us  that  although  the  soil 
is  coarse,  loose  and  white,  its  surface  appearance  is  worse  than 
its  real  character. 

The  Dunes  and  Landes  of  Gascony* 

In  this  chapter  I  shall  refer  mainly  to  the  Dunes  and  Landes 
of  Cjascony,  one  of  the  stereotyped  examples  of  the  complete 
reclamation  of  an  almost  uninhabitable  and  unproductive  waste- 
land.    The  two  principal  works  I  have  consulted  on  the  subject 
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are  "  Les  Landes  de  Gascogne,"  by  M.  Chambrelent,  and  "  Les 
Landes  et  Les  Dunes  de  Gascogne,"  by  M.  Grandjean. 

In  the  early  part  of  this  century  (before  1857)  ^^^  condition  of 
this  flat  triangular  plain,  known  as  the  Landes,  which  is  roughly 
bounded  by  the  Bay  of  Biscay,  the  river  Adour,  and  the  river 
Garonne  and  the  Medoc,  was,  in  brief,  as  follows :  There  were 
miles  of  marshy,  almost  treeless  wastes,  covered  mainly  with  a 
low,  dense  growth  of  herbage.  It  was  wet,  unhealthy  and 
sparsely  inhabited.  The  few  people  who  lived  there  depended 
upon  their  flocks.  The  accompanying  picture  shows  a  native  of 
the  Landes  standing  upon  stilts  watching  his  flock.  (See  Plate 
XXVI.)  He  is  dressed  in  a  heav\'  sheepskin  paletot.  By  stand- 
ing on  stilts  these  shepherds  can  easily  see  their  sheep  in  the 
herbage  and  can  easily  follow  them  through  wet  and  marshy 
regions.  Their  spare  time  is  spent  in  knitting  stockings.  The 
condition  of  the  Landes  was  due  to  the  immense  sand  dunes 
which  arrayed  themselves  along  the  shore  of  the  Bay  of  Biscay. 
They  moved  inland,  covered  villages  and  occluded  inlets.  The 
damage  done  by  these  moving  sands  so  increased  that  the  govern- 
ment oflicials  studied  the  work  and  devised  and  executed  plans, 
and  now,  thanks  to  de  Villers,  Chambrelent  and  Bremontier,  the 
pioneer  workers,  the  Dunes  and  Landes  are  covered  with  a  beau- 
tiful growth  of  the  maritime-pine.  The  region  is  now  a  famous 
health  resort,  combining  the  beauties  and  pleasures  of  the  sea- 
shore with  those  of  a  well-managed  pine  forest  which  extends 
almost  to  the  edge  of  the  ocean. 

There  are  evidences  that  the  Dunes  were  naturally  originally 
fixed  bv  forests.  These  forests  were  destroved  bv  vandals  and 
all  attempts  failed  to  stop  these  menacing  mountains  of  sand. 
In  1778  a  talented  engineer,  Baron  Charlevoix  de  Villers,  was  sent 
to  Arcachon  for  the  purpose  of  forming  a  militar\'  post.  He 
saw  at  once  the  necessity  of  fixing  the  sand,  and  was,  according 
to  Grandjean,  the  first  to  establish  the  fact  that  the  way  to  fix 
the  dunes  is  by  the  means  of  plantations  of  pine.  He  met  with 
troubles  in  his  work  and  was  finallv  sent  back  to  the  Island  of 
San  Domingo. 

In  1784  Bremontier  began  the  work  and,  it  is  said,  by  using 
the  result  of  de  Villers'  labors,  finally  succeeded  in  fixing  the 
moving  sand.* 

*  Bremontier  telU  cf  a  done  which  advanced,  in  a  violent  tempest,  at  the  rate  of  two  feet  in  three 
hours. 
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Plate  XXVI  shows  a  church  at  Soulac  which  was  buried  bv 
the  sand. 

The  methods  employed  in  fixing  the  dunes  may  be  briefly 
described  as  follows : 

A  littoral  dune  was  constructed  straight  along  the  shore  from 
the  mouth  of  the  Gironde  to  Bayonne.  This  dune  was  the  secret 
of  the  success  in  the  fixation  of  these  shifting  sands.  It  is  simply 
a  bank  of  sand  of  certain  dimensions,  with  a  certain  slope  suited 
to  the  condition  of  affairs.  This  protective,  or  littoral,  dune 
is  formed  as  follows:  a  double  fence  is  constructed  of  brush,* 
or  of  palisades  driven  in  the  sand.  This  stops  the  sand  which 
comes  from  the  ocean.  Soon  a  ridge  of  sand  forms,  equal  in 
height  to  the  fence.  A  double  fence  is  used,  as  it  gives  breadth 
to  the  dune,  and  stops  the  sand  which  blows  through  the  fence 
on  the  ocean  side.  As  soon  as  a  ridge  of  sand  is  formed  as  high 
as  the  fence,  the  old  fence  is  pulled  up,  or  a  new  one  built  on 
top ;  and  so  on,  until  a  dune  of  the  height  desired  is  formed 
artificially.  The  proper  height  of  a  protective  dune  is  33  feet. 
It  should  slope  25°  towards  the  sea,  and  may  be  60°  on  the  land 
side.  The  dune  must  be  at  least  300  feet  from  high-water  mark. 
After  the  dune  has  reached  the  proper  size,  it  is  kept  in  shape 
by  the  sea  marram  {Psanima  arenarid),^  This  peculiar  plant, 
called  gourbct  in  France,  is  exclusively  used  for  fixing  the  sand 
on  the  littoral  dune.  It  has  long,  much-divided  rhizomes,  and 
will  grow  well  only  when  covered  with  fresh  sand.  The  dune 
must  always  be  kept  in  shape.  If  sand  accumulates  in  any  one 
spot  in  undue  amount,  a  draft  is  formed,  which  may  end  in  a 
breach  of  the  littoral  dune.  Gardes  cantonniers  are  stationed 
along  the  dune,  to  watch  it  closely,  and  here  and  #there  on  this 
long,  straight  sand-bank  groups  of  men  and  women  may  be  seen 
digging  up  the  gourbct  in  places  where  it  is  too  thick,  and 
planting  it  where  needed.  Constantly  the  dune  is  watched  and 
mended  ;  the  forest,  villages  and  fields  in  its  lee  are  dependent 
upon  it,  and  it  in  turn  is  dependent  upon  the  hmnble,  but  per- 
sistent, gourbct. 

After  the   formation  of  the  littoral  dune  comes  the  work  of 

*  This  system  of  making  a  fence  of  brush  is  called  Clayonag*. 

\Psamma  or  Ammophila  artnaria,  beach  or  marram  grass  is  the  best  known  of  the  true  sand- 
binding  grasses.  (See  Sand-binding  Grasses,  by  F.  Lamson-Scribner,  in  year  book  of  th«  Deputmeat 
of  Agriculture.)    It  is  common  on  the  Atlantic  coast  of  both  Europe  and  America. 
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planting  in  its  lee.  The  surface  of  the  sand  is  covered  with 
brush  arranged  like  the  slates  on  a  roof,  with  a  shovelful  of  sand 
here  and  there  to  hold  it  down.  Then  the  seeds  of  Pinus  mari- 
tima  are  sown,  with  seeds  of  other  plants  to  shade  the  young 
pines.  The  pines  usually  come  up  well,  and  grow  quickly, 
although  close  to  the  littoral  dune  they  are  gnarled  and  stunted 
by  the  salt  winds.  Thus  the  sands  are  fixed,  and,  although  the 
forests  do  not  yield  a  large  interest  in  cash,  they  are  of  incal- 
culable value  to  a  large  proportion  of  the  people  of  Gascony — in 
fact,  indirectly,  to  the  whole  of  France.  Fire-lanes  have  been 
constructed  across  the  dunes,  and,  thanks  to  the  watchfulness  of 
the  guards  and  the  rigid  enforcement  of  laws,  fires  are  not  fre- 
quent. Owing  to  a  lack  of  roads  and  means  of  transportation 
on  these  dunes,  only  the  most  valuable  timber  is  marketed  after 
being  tapped  for  resin.  If  it  is  desirable  to  remove  a  tree,  it  is 
bled  to  death  before  being  cut. 

The  fixation  of  the  Dunes  rendered  possible  the  work  of  M. 
Chambrelent,  which  was  the  reclamation  of  the  Landes  by 
drainage  and  plantings.  It  is  a  unique  example  of  personal 
initiative.  M.  Chambrelent,  a  young  engineer  in  the  Depart- 
ment of  Bridges  and  Roads,  in  1837  was  sent  to  Gironde  to 
study  the  drainage  of  800,000  hectares  of  land  in  the  districts 
of  Gascony  and  the  Landes.  His  conclusions  were  not  accepted, 
so  he  bought  some  land  and  put  into  effect  the  measures  he 
advocated.  In  1855  the  results  of  his  experiments  were  sub- 
mitted to  an  international  jury.  The  jury  was  so  favorably 
impressed  that  it  recommended  the  application  of  Chambrelent's 
plans  to  the  entire  region,  and  in  1857  a  law  was  passed  requir- 
ing the  Communes  to  do  this  work.  The  Communes  paid  for  it 
by  selling  a  part  of  this  land  which  increased  in  value  after  the 
completion  of  the  work.  This  region  was  one  hundred  meters 
above  sea  level,  flat  and  sandv.  It  was  underlain  with  a  hard- 
pan  called  ''alios."  In  summer  it  was  a  bed  of  burning  sand,  in 
winter  constant  inundation,  and  between  the  two  a  period  of 
pestilence.  The  country  was  characterized  by  its  sterility  and 
insalubrity. 

A  complete  system  of  drain-ditches  was  dug  and  the  seeds  of 
Pinus  maj'itima  sown.  In  1865  all  works  of  drainage  were 
complete.     The  pines  grew  with  extraordinary  rapidity.     The 
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^^  alios,"  which  fonnerly  arrested  vegetation,  in  no  way  imj>eded 
growth.  It  is  a  sandstone,  not  entirely  impervious,  and  served 
to  hold  the  moisture  during  the  dryness  of  summer.  It  was 
feared  that  the  inability  of  the  tap-root  to  penetrate  this  hard- 
pan  would  arrest  the  growth  of  the  tree,  "  but,"  says  Chambre- 
lent,  "  the  uselessness  of  the  tap-root  *  has  already  been  demon- 
strated. It  extends  to  inert  soil  which  receives  no  atmospheric 
influences.  It  really  plays  only  a  mechanical  role  for  holding 
the  tree  in  place,  but  in  close  growth  is  not  necessary,  because 
the  trees  support  each  other." 

He  also  notes  the  fact  that  in  spite  of  ver}^  rapid  growth  the 
wood  is  of  superior  quality.  In  another  place  he  says  that 
owing  to  its  elasticity,  the  poles  are  in  great  demand  in  England 
for  mine  props,  also  that  because  of  its  rapid  growth,  the  absorp- 
tion of  copper  sulphate  is  facilitated,  which  renders  it  durable 
and  valuable  for  telegraph  poles.  In  speaking  of  the  sanitar\' 
effects  of  the  forest  he  says  that  "the  Landes,  which  in  1865 
were  pestilential,  are  now  as  free  from  fever  as  the  most  favored 
regions.  The  presence  of  so  much  wood  enables  ever>'  house- 
hold to  have  generous  supplies  for  heating  and  drying  in  cold 
and  wet  seasons.  An  investigation  of  the  causes  of  agricultural 
depression  in  other  parts  of  France  only  too  clearly  indicates  the 
inestimable  benefit  of  large  wood-supplies  for  domestic  pur- 
poses." 

During  the  Civil  War  in  America,  France  enjoyed  a  broad 
market  for  her  naval  stores  at  three  times  the  normal  price. 
Owing  to  the  cheapness  of  the  inferior  American  product,  gem- 
mage  or  tapping  for  resin  is  not  ver\'  profitable. 

Such  was  the  work  started  by  Chambrelent.  By  allowing  a 
revolution  of  thirty  years  to  the  pine  crops  it  may  go  on  forever, 
provided  forest  fires  and  insect  pests  are  kept  in  check.  Planta- 
tions of  coniferous  species  in  all  dr\'  coimtries  are  always  in 
danger  of  fire,  and  forests  of  one  species  only  are  often  com- 
pletely devastated  by  insects. 

By  the  fixation  of  the  Dunes  650,000  hectares  of  land  were 
made  productive.  Formerly  if  one  wished  to  buy  land,  he 
mounted  a  hill  and  called  in  a  loud  voice ;  the  land  over  which 
his  voice  carried  was  worth  twenty-five  francs. 

*  Gardeners  often  remove  the  tap-root  of  trees  in  order  to  stimulate  t)ie  hortzimtal  roct  »y»tcm  aad 
to  facilitate  transplanting. 
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"  A  man/'  says  Grandjean,  "  was  forced  to  take  some  of  this 
sand  for  a  debt.  He  became  a  millionaire  later  by  selling  it  in 
small  parcels."  The  first  summer  the  visitors  lived  in  the  resin 
cabins ;  now  every  luxury  is  afforded  to  the  two  hundred  thou- 
sand tourists  who  come  there  everv  vear. 

To-day  it  is  a  health  resort.  It  is  covered  with  pines  and  is 
prosperous.  Although  a  few  severe  fires*  occur  now  and  then, 
and  owing  to  a  lack  of  roads  or  other  sufficient  means  of  trans- 
portation all  the  wood  is  not  sold,  nowhere  in  the  world, 
however,  are  the  following  industries  more  extensively  and  scien- 
tifically developed  :  Collection  and  manufacture  of  naval  stores, 
the  impregnation  of  wood  with  preservatives,  and  oyster  culture. 
They  have  also  demonstrated  that  there  is  no  better  way  of 
fixing  shifting  sands,  of  draining  swamps  and  removing  pesti- 
lence than  by  forest-planting. 

Destroy  completely  the  forest  which  covers  the  Coastal  Plain 
of  Eastern  America  and  it  will  become  a  bed  of  shifting  barren 
sand,  in  places  swampy,  pestilential,  unproductive,  unsightly 
and  unfit  for  habitation,  although  capable  of  producing  under 
forest  managfement  an  abundance  of  excellent  timber  and  naval 
stores  forever.  Large  areas  of  the  Coastal  Plain  of  America  are 
rapidly  approaching  the  fonner  condition  of  the  Landes  of 
Gasconv. 

The  eastern  coast  of  America,  under  proper  management,  is 
in  this  respect  at  least,  capable  of  almost  limitless  prospects. 
The  timber  of  the  short-leaf,  long-leaf,  old-field  and  Cuban-pines 
finds  a  market  even  in  Europe.  Now  that  yellow-pine  (or  what 
they  call  pitch-pine  in  Europe)  has  won  a  reputation  in  other 
countries,  it  is  only  good  business  to  see  that  the  supply  may  not 
run  short,  but  be  more  than  sufficient  for  all  possible  future 
demands.  Besides,  there  is  and,  perhaps,  always  will  be  more 
wood  used  per  capita  in  America  than  elsewhere  in  the  world. 
Just  as  Italy  is  the  land  of  masons,  America  is  the  land  of  wood- 


*  After  several  fires  in  the  Montagne  Noir  comes  the  announcement  of  fire  in  the  Landes,  spreading 
from  the  region  of  Laborheyre  and  Parentis-en-Bom  to  Mimizan  over  thousands  of  hectares  of  pine  lands 
An  innocent  man  amused  himself  burning  the  herbage  in  the  midst  of  a  country  torrified  by  the  heat  of 
dog-days  near  forests  of  pine.  Hatred  and  ilU4Hl  indted  criminal  hands  to  imitate  this  example.  The 
fire  traversed  thousands  of  hectares  of  forest,  as  in  America,  destroying  everjrthing  in  its  way.  It  is 
astonishing,  considering  the  slight  attention  accorded  to  the  laws  or  restrictive  regulations,  that  such 
disasters  should  not  have  occurred  earlier,  dtiring  the  great  heat  of  August.  At  last  it  rains  \^ Revue  dex 
Eaux  ei  Foretx.    (September,  1898.) 
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workers,  where  almost  ever>'  boy  knows  how  to  use  a  hatchet 
and  a  saw. 

Although  the  Landes  are  in  the  latitude  of  Nova  Scotia,  the 
climate  is  milder  than  that  of  Southern  Jersey,  so  that  the  resin 
industry  is  possible.  Arcachon  is  the  combined  Lakewood  and 
Atlantic  City  of  France.  The  largest  city  in  the  vicinity  is  Bor- 
deaux. Just  north  of  Bordeaux,  between  the  Gironde  and  the 
Bay  of  Biscay,  is  the  Medoc,  famous  the  world  over  for  its  wines. 
The  soil  of  this  region  isy  I  believe,  not  unlike  that  of  the  Cape 
May  formation  of  South  Jersey.  At  Verdon,  on  the  point  across 
from  the  seashore  resort  of  Royan,  is  a  beautiful  forest  of  pine 
and  locust  on  the  dune  sand,  which  was  planted  by  Bremontier. 
In  the  forest  of  La  Teste,  near  Arcachon,  is  a  red  marble  monu- 
ment in  honor  of  this  famous  engineer — a  fitting  memorial  to  the 
man  who  fixed  the  sand  of  these  shifting  dunes. 

In  the  Landes,  in  addition  to  naval  stores  and  timber,  oyster 
culture  and  apiculture  are  important  industries.  Small  quanti- 
ties of  cork  are  also  produced.  Sheep  raising  is  also  an  import- 
ant occupation,  and  the  mules  and  horses  which  are  produced 
there,  although  small  in  size  and  tough,  are  gentle  and  excellent 
in  quality. 

Here  and  there  men  and  women  may  be  seen  spreading  boug^hs 
and  twigs  in  the  ruts  of  the  roads  and  in  the  pathways  to 
improve  their  condition. 

The  population  of  this  part  of  France  has  rapidly  increased. 
Just  as  reckless  deforestation  inevitably  leads  to  idleness,  want 
and  moral  degeneration  among  those  dependent  upon  the  woods, 
so  does  afforestation  have  the  opposite  effect  in  the  same  if  not 
greater  proportion.  In  the  Landes,  for  instance,  before  the 
planting  of  forests  a  man  could  buy  a  fann  for  a  few  francs,  it 
required  over  two  acres  to  support  one  sheep.  In  less  than  a 
century  the  population  sextupled,  while  that  of  a  large  part  of 
the  rest  of  the  country  either  remained  stationary  or  decreased. 
A  few  miserable  shepherds  were  replaced  by  wood-workers,  resin 
collectors,  workers  in  establishments  for  refining  the  product 
and  for  impregnating  wood,  pleasure  and  health  seekers,  besides 
others  who  were  attracted  to  do  other  business  produced  by  the 
change  of  conditions.  The  ])opulation  of  a  country  generally 
increases  in  proportion  to  its  natural  resources.     The  fecundity 
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of  the  French  in  places  where  there  is  plenty  of  room  and  oppor- 
tunity is  proverbial  as  in  Canada.  It  is  even  so  in  the  Landes, 
which,  on  being  reclaimed,  was  equivalent  to  the  addition  of  a 
new  province  or  colony. 


The  Banat  Sand-Desert  of  Southern  Hungfary* 

Joseph  Wessely,  in  his  book  entitled  **  Der  Europaische  Flug- 
sand  und  Seine  Kultur,'*  gives  an  interesting  description  of  the 
Banat  Sand-Desert  in  Southern  Hungary.  This  region  is  north 
of  the  city  of  Beegrade,  which  is  on  the  opposite  side  of  the 
river  Danube,  in  Servia.  This  great  sand-plain  was  once  a  lake- 
bottom  before  the  Danube  had  worn  a  deep  passage,  called  the 
Iron  Gate,  through  the  Transylvanian  Alps.  Even  in  historic 
times  these  shifting  sands  were  covered  with  forests.  In  addi- 
tion to  such  records  there  are  other  evidences  which  indicate 
that  the  region  was  once  forested.  These  are  in  the  nature  of 
buried  beds  of  humus,  lime  caves,  caused  by  lime-water  settling 
in  cavities  of  rotted  tree-roots,  and  the  names  of  places,  as  is 
often  the  case  in  treeless  regions,  indicate  its  former  wooded 
nature.  The  Magyars,  for  instance,  called  this  sand  plain 
*^Nyir"  in  their  names,  which  signifies  ^*  beech." 

The  soil  was  not  sterile  in  the  sense  of  lacking  inorganic 
ingredients,*  but  was  of  such  fine,  soft,  sandy  nature  that  on 
being  divested  of  its  vegetal  covering  was  easily  shifted  hither 
and  thither  by  the  wind.  Reckless  cutting  for  fuel,  the  collec- 
tion of  sumac  for  tanning,  and  the  browsing  of  many  herds 
belonging  to  nomads  soon  despoiled  even  the  few  oases  of  vege- 
tation which  existed  within  recent  times.  In  spite  of  many 
efforts  to  reforest  this  region,  30,000  of  the  70,660  jochen  t  were 
bare  desert.  The  greatest  evil  of  all  was  the  flocks  and  herds 
which  wandered  over  this  region  eating  the  herbage,  loosening 
the  soil  and  exposing  the  sand  to  the  action  of  the  wind.  In 
addition  to  these  difficulties,  there  was  a  revolution   in    1848, 

*  The  sand  of  the  fertile  marl  region  of  New  Jersey  is  subject  to  drifuDg  here  and  there.  South  of 
Philadelphia,  from  the  PennsyWania  shore,  it  may  be  seen  moving  in  clouds  over  the  fields  in  New  Jersey. 
The  wind  picks  up  the  fine  grains  and  leaves  the  coarse  particles  behind.  This  sand  blast  is,  of  course, 
Tery  injurious  to  fields  of  young,  tender  crops. 

f'Joch"  is  an  old  European  land  measure.  It  is  the  same  as  "yoke,"  and  originally  meant  the 
amount  of  land  a  yoke  of  oxen  could  plough  in  a  day. 
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which  interfered  with  the  work  of  reforestation.  Wesselv  con- 
eludes  by  saying  that  little  had  been  accomplished  because  of  a 
lack  of  knowledge  of  sand  culture  and  a  lack  of  courageous  and 
unselfish  devotion  to  such  work  in  spite  of  opposition  and  diffi- 
culties.* 

This  book  appeared  in  1873.  Since  that  time  there  has  been 
great  progress.  The  work  in  this  peculiar  and  secluded  region 
is  of  great  interest  to  Americans  because  it  was  accomplished 
under  great  difficulties,  and  because  it  was  our  own  locust  tree 
which  was  most  successfully  and  extensively  planted.  In  his 
book  Wessely  mentions  that  the  Canadian  poplar  and  the  locust 
seemed  at  that  time  to  be  the  most  promising  trees  for  the 
region,  and  that  the  Hungarian  foresters  often  remarked  that 
^*  Die  Akazie  sei  in  Nord-Amerika  fiir  die  Ungarische  Ebene 
eigens  erfunden  worden.''  t 

There  has  recently  appeared  an  article  on  the  locust  by  the 
Hungarian  Forester  Bund  in  the  Zeitschrift  fur  Forst  und 
Jagdwesen,  The  successful  use  of  the  locust  on  sandy  land  in 
the  Rhine  Province  led  him  to  inquire  into  the  experiences  with 
this  tree  in  the  Hungarian  desert.  This  tree  was  at  first  only 
used  in  gardens  and  along  avenues,  but  soon  its  good  qualities 
were  recognized  as  a  supremely  useful  cover  for  sand  surfaces. 
It  is  to-day  principally  the  locust  which  relieves  the  monotony 
of  the  Hungarian  steppes.  In  all  there  are  at  least  70,000  hec- 
tares or  about  172,970  acres  of  pure  locust  stands  in  that  countrj'. 
It  is,  in  his  opinion,  the  tree  of  the  future  for  desert  sandy 
regions.  The  government  is  encouraging  the  planting  of  this 
tree  by  furnishing  gratis  every  year  from  the  State  nurseries 
from  five  to  six  million  young  locust  plants. 

The  chief  claims  for  the  use  of  the  tree  in  Hungary  are  that 
its  demands  on  the  soil  are  slight,  that  it  is  easily  propagated, 
and  that  owing  to  its  extensive  root-system  and  root-suckers  it 
holds  the  soil  in  place.  He  recommends  that  the  soil  should  be 
worked  first,  on  which  a  crop  of  rye  or  legumes  may  be  grown, 
and  cautions  one  not  to  sow  seeds  which  have  teen  scalded  or 

*  It  is  worthy  of  note  bow  that  in  great  reforms  much  has  been  accomplished  by  one  or  only  a  very 
few  persistent,  enthusiastic  workers. 

f'The  locust  has  been  discovered  in  America  especially  for  the  Hungarian  Plain"  The  term 
"  acacia  "  is  used  throughout  Europe  for  the  locust  tree  ;  in  (act,  in  America,  it  is  called  "false  acacia," 
from  which  comes  its  specific  name  *'  pseudacacia." 
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steamed  unless  the  soil  is  wet.  He  says  that  in  Hungary  the 
wood  is  highly  prized  for  many  purposes,  that  the  flowers 
furnish  bee  food,  and  that  the  tree  suffers  little  from  disease. 

Throughout  the  Rhine  regions  the  locust  is  grown  as  a  cop- 
pice, with  a  15-year  rotation.  The  poles  are  in  great  demand 
for  vine-props,  and  the  net  return  is  80  marks  a  year  for  one 
hectare — a  yield  scarcely  equalled  by  any  other  species  of  tree. 
The  Minister  of  Agriculture  has  directed  that  the  locust  be 
planted  on  land  which  has  been  heretofore  occupied  by  coppice 
oak,  since  the  tan-bark  industry  is  no  longer  profitable.  The 
American  government  should  offer  a  high  prize  to  the  entomolo- 
gist who  devises  a  means  of  exterminating  the  locust-borer. 
Were  it  not  for  the  depredations  of  this  insect  the  locust  would 
be  one  of  the  most  profitable  and  useful  of  trees  for  planting  on 
the  Jersey  sands.  It  is  specially  fitted  for  the  purpose  because 
of  its  slight  inflammability. 


The  Luneburg^  and  other  Adjacent  Heath  and  Moor  Lands* 

Our  prevailing  winds  are  from  the  land,  and  in  spite  of  the 
fact  that  South  Jersey  is  close  to  the  ocean,  the  climate  is  dry 
in  comparison  with  the  plains  of  Northern  Europe.  Almost 
every  summer  we  have  a  period  of  extreme  drought  which  is 
very  trying  to  all  plants,  the  roots  of  which  do  not  penetrate 
to  where  there  is  a  constant  supply  of  moisture.  Several 
species  of  American  trees,  such  as  the  red-oak  and  locust,  appear 
to  do  better  in  Western  Europe  than  in  their  native  land,  while 
Salix  amygdalina  and  Salix  vhninalis  the  great  European 
basket  willows,  which  are  grown  in  fields  by  the  side  of  wheat 
and  r\'e,  fail  in  the  Eastern  United  States  because  of  the  late 
summer  drought. 

Throughout  a  large  part  of  Southern  New  Jersey,  in  those 
portions  which  are  at  a  low-level  and  in  which  the  water-table 
is  close  to  the  surface,  there  is  usually  a  luxuriant  growth  of 
vegetation,  although  the  soil  may  be  coarse  and  sandy.  Regions 
of  a  higher  altitude,  such  as  the  Plains,  suffer  most  from  a  lack 
of  moisture  and  also  from  fire  in  consequence. 

Throughout  the  Sand-lands  of  Northern  Europe  there  is  little 
variety  in  the  nature  of  the  forest.     Wherever  there  is  a  clump 
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of  woods  on  upland  or  lowland  it  consists  of  Scotch-pine.  Some- 
times it  is  in  straight  and  thrifty  condition,  but  mostly  crooked 
and  stunted  in  nature.  There  is  lacking  that  variety  which  one 
meets  with  even  in  the  Jersey  pine  regions,  and  while  there 
exists  a  general '  resemblance  between  the  two  regions,  closer 
examination  soon  shows  that  in  reality  they  are  very  unlike. 
The  soil,  the  climate,  the  flora,  the  political,  social  and  economi- 
cal conditions  are  all  so  different  that  it  would  be  unfair  to 
place  the  Jersey  pine-lands  in  the  same  category  with  these 
immense  tracts  of  heath  and  morass  which  exist  throughout 
Northern  Europe. 

We  should  not  always  assume,  however,  that  because  a  soil  is 
sandy  vegetation  will  suffer  from  dryness  more  than  on  other 
soils.  This  depends  altogether  on  the  capillarity  *  of  the  soil 
and  the  proximity  of  the  water-table  to  the  surface.  Owing  to 
the  cold  and  a  great  abundance  of  moisture  peat  accumulates  in 
immense  beds  in  Northern  Europe.  Just  to  the  west  of  the  Ems 
is  the  Bor.rtanger  Moor,  over  five  hundred  square  miles  in  area, 
on  the  boundary  between  Holland  and  Germany.  Here  and 
there  in  this  morass  are  firm  patches  on  which  the  houses  of  the 
natives  are  located,  but  the  most  of  it  is  a  quaking,  treacherous 
mass  of  semi-decomposed  vegetable  matter.  The  inhabitants 
crossed  this  bog-land  with  leaping-poles.  A  board  was  attached 
to  the  end  of  each  pole  and  both  people  and  horses  wore  wooden 
*'  mud-shoes,''  such  as  are  used  on  the  oyster-beds  of  France  and 
on  the  salt  marshes  of  New  Jersey.  These  moors  were  often  so 
extensive  that  they  served  to  separate  tribes. 

The  surface  of  these  moorlands  was  burnt  at  certain  times  of 
the  year  in  order  to  render  them  fit  for  cultivation.  The  peat- 
smoke  or  '' moor-rauch,"  in  May,  1857,  drifted  as  far  as  Vienna^ 
and  in  July,  1863,  to  Geneva.  In  recent  times  more  economical 
methods  have  l)een  practiced,  and  canals  have  been  dug  for  both 
drainage  and  transportation  purposes.  Wherever  the  land  is 
imperfectly  drained  in  this  region,  immense  masses  of  **  torf "  or 

*  In  the  sand-hills  of  Nebraska  and  Kansas,  even  after  long  periods  ot  drought,  only  tb«  few  inches 
of  surface-soil  become  dry.     A  short  distance  under  the  surface  the  soil  is  moist  to  the  touch. 

"In  the  dunes  of  Algeria  water  is  so  abundant  that  wells  are  constantly  dug  in  them  mt  high  points 
on  their  surface.  They  are  sunk  at  a  depth  of  three  or  four  meters  only,  and  the  water  rites  in  them  to  s 
height  of  a  meter." — Laurent,  Memoirs  sur  le  Sahara.  ''The  Dunes  of  the  Sahara  in  tome  places 
supply  pasturage  for  the  caravans." — Pomel,  L' Annee  Geofraphu. 

The  city  of  Amsterdam  is  supplied  with  water  from  the  Coast  Dunes  of  Holland.  This  is  simply 
rainwater,  which  soaks  into  the  sand.     The  Hague  also  is  similarly  supplied. 
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peat  accumulate.  Here  and  there  are  dune-like  fonnations  on 
which  the  Scotch-pine  has  been  planted. 

The  Scotch-pine  is  a  wonderful  tree  in  respect  to  its  endur- 
ance. •  It  grows  in  the  wet  cold  bogs  and  on  the  dr>'  upland. 
Because  of  the  remarkable  endurance  of  this  tree  it  has  been 
planted  in  our  arid  West.  The  plantations  are  still  young,  but 
in  a  thrifty  and  promising  condition. 

Large  portions  of  the  heathland  of  Northwestern  Europe  is 
called  "geest,"  which  is  high'  and  dry,  sandy  or  gravelly  land. 
The  geest  which  I  have  seen  is  gravelly,  compact,  and  covered 
with  a  sparse  growth  of  heathplants,  and  in  appearance  even 
more  bare  and  sterile  than  the  Plains  of  South  Jersey.  In 
general  appearance  it  is  not  unlike  the  Plains,  and  I  have  no 
doubt  but  that  trees  would  grow  in  this  region  were  we  to  apply 
the  same  principles  of  culture  which  are  applied  on  the  geest 
lands  of  Holland  and  Gennany. 

The  heathlands  of  Europe  have  been  subjected  in  times  past, 
and  even  in  places  to-day,  to  all  sorts  of  abusive  practices.  They 
have  been  pastured,  or  better,  overpastured,  from  time  immemo- 
rial, and  the  top-soil  has  been  many  times  removed  by  the  peas- 
ants for  litter,  as  in  the  Belgian  Campine. 

The  best  example  of  reclamation  may  be  seen  at  Schovenhorst, 
near  Putten,  in  Holland,  on  the  Schober  estate.*  I  was  most 
cordially  received  by  Mr.  Schober,  and  he  explained  how  that 
by  thoroughly  loosening  the  soil  by  deep  plowing  or  spading 
and  then  applying  the  proper  kind  of  fertilizer  the  abuse  of 
years  could  be  overcome  and  pine  forests  once  more  established, 
as  was  evidenced  by  the  beautiful  groves  consisting  of  many 
exotic  and  native  conifers  which  formed  an  oasis  in  the  midst  of  a 
desert.  There  are  conifers  from  almost  every-  corner  of  the  earth 
in  healthy  condition,  forming  one  of  the  most  remarkable  botanic 
gardens  I  have  ever  seen,  demonstrating  well  what  may  be  done 
by  perseverance  and  skill  even  where  nature  is  stingy  with  her 
gifts. 

Perhaps  the  largest  and  wildest  of  these  heathlands  is  the 
Liineburger  Heath. t  It  is  near  the  city  of  Hamburg,  south  of 
the  Elbe,  in  the  province  of  Hanover.     The  general  surface  is 

*See  "  Pinetum  Schoberianum,"  by  G.  A.  Kuyk.     Reprint  from  Tydschri/t  voor  Tuinbouw. 
tSee  Kultur  der  Haideflachen.    Salfeld. 
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undulating,  but  the  northern  edge  sinks  down  abruptly  so  that 
when  viewed  from  afar  it  resembles  a  range  of  low  hills.  This 
is  a  part  of  the  great  North  German  Plain,  which  extends  from 
the  Ural  mountains  to  the  coast,  consisting  mainly  of  heat-h  and 
moor,  planted  in  places  with  Scotch-pine.  It  consists  of  loam, 
sand,  clay,  gravel  and  marl.  Here  and  there  are  erratic  boulders 
which  have  been  deposited,  no  doubt,  by  glaciers.  Where  the 
soil  is  loamy  and  marly  the  beech  is  abundant.  "The  sand," 
says  Salfeld,  "  forms  scattered  hills  or  great  sandy  plains  from 
which  the  clay  has  been  washed  by  the  rains." 

In  many  places  the  primeval  forest  consisted  of  oak  and  pine. 
In  other  regions  beds  of  "  ortstein,"  a  sandstone  similar  to  the 
"alios"  of  the  Landes,  prevents  drainage  and  the  growth  of  trees. 
On  such  places  the  heather  holds  full  sway.  These  are  natural 
steppes  and  probably  have  never  been  covered  with  trees. 

In  the  Liineburger  Heath  there  are  many  small  streams, 
although  the  region  is  at  times  quite  dr>^  and  parched.  The 
water  quickly  runs  away  and  the  region  is  exposed  to  the  dry- 
ing effects  of  the  winds.  "A  trip  across  this  heath  in  winter," 
says  Salfeld,  "  is  dreary  enough."  One  meets  here  and  there 
natives  digging  up  the  sods  for  litter.  This  exposes  the  soil  to 
the  wind  so  that  it  shifts  more  or  less  from  place  to  place.  Here 
and  there  are  bee-stands  which  are  used  only  in  blossoming  time 
when  the  keeper  movies  from  place  to  place  with  his  hives  in  search 
of  fresh  pastures.  Here  and  there  are  sheep  corrals.  The  shep- 
herd even  in  winter  mav  be  seen  alone  with  his  flock  of  hardv, 
small  black  sheep  called  "  snucken."  As  with  the  shepherds  of 
the  Landes  he  knits  while  his  sheep  crop  the  scanty  herbage. 
These  sheep  live  out  of  doors  in  winter,  even  in  the  snow,  and 
when  the  lambs  come  many  are  killed  by  the  shepherd,  because 
one  lamb  must  suck  several  mothers  on  account  of  the  scarcitv 
of  food. 

Here  and  there  are  streams  with  irrigated  and  fertilized 
meadows.  Along  their  banks  are  alders  and  on  the  ridges  of 
sand  fringing  the  meadows  are  strips  of  pine  to  break  the  force 
of  the  wind. 

At  last  we  reach  a  farm.  Attached  to  the  straw-thatched 
house  is  a  yard  surrounded  by  a  granite  wall.  Granite  seems 
out   of  place  here.     Tlie  origin  of  the  granite  boulders  from 
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which  the  walls  are  made  is  not,  I  believe,  positively  known. 
The  cattle  stand  knee-deep  in  a  mass  of  heath-litter  and  dung. 
In  order  to  supply  this  litter  an.  area  at  least  five  times  the  area 
of  the  cultivated  fields  is  robbed  of  its  cover.  The  removal  of 
marl  and  turf  and  continuous  cropping  without  rotation  have 
produced  a  degree  of  poverty  which  is  often  pitiful. 

The  heath,  in  fact,  is  the  land  of  the  ''  little  man,''  that  is,  the 
man  of  small  pursuits.  Birch  and  heath  twigs  are  converted 
into  brooms  and  brushes.  Berries  are  sent  to  Bremen  and 
Hamburg  and  are  used  in  the  manufacture  of  wine.  Edible 
mushrooms  are  assiduously  collected  and  juniper  berries  are 
picked  for  the  manufacture  of  gin.  Even  the  fine  roots  of  the 
pine  are  woven  into  baskets. 

According  to  Salfeld  old  chronicles  and  documents  give 
assurance  that  the  geest  lands  of  Northwest  Germany  were 
once  richly  wooded.  There  are  instances  of  remnants  of  old 
and  extensive  forests.  *'  The  extent  of  the  forest  was  meas- 
ured,'' says  Salfeld,  "by  the  length  of  time  a  squirrel  could  pass 
through  it  by  leaping  from  tree  to  tree."  These  forests  were  of 
deciduous  trees.  They  have  been  supplanted  by  the  pine, 
owing  to  the  gradual  impoverishment  of  the  soil.  Storms,  fire 
and  insects  played  havoc  in  these  coniferous  woods,  and  swine- 
herds and  shepherds  wandered  at  will  with  their  flocks. 
There  was  great  eagerness  to  clear  the  land  for  fields  and  mead- 
ows. The  end  has  been  reached,  and  now  begins  the  long, 
tedious  and  expensive  work  of  reforestation,  which  is  the  only 
salvation  for  abused  and  depleted  sand-lands. 

All  this  illustrates  well  the  fact  that  unless  the  forest  plays  a 
part  in  the  rotation  of  crops  on  sandy  land  it  is  only  a  question 
of  time  before  the  soil  becomes  absolutelv  sterile. 

This  land  is  being  reclaimed  first  by  deep  ploughing,*  which 
thoroughly  loosens  the  soil  and  brings  the  richer  subsoil  to  the 
surface. 

The  second  step  is  in  planting  a  leguminous  crop  for  green 
manure.  For  this  purpose  the  yellow  lupine,  what  is  called  in 
Brandenburg  ''  the  gold  of  the  desert  "  is  used.     This  does  not 


*  The  work  of  reclaiming  the  Luneburger  Heath  did  not  begin  in  earnest  until  1870.  It  will  be  many 
years  before  the  plantations  will  become  remunerative.  The  growth  is  slow  and  the  cost  of  reclamation 
high.    Of  late  years  steam  ploughs  have  been  extensively  used  in  order  to  thoroughly  loosen  the  soil. 
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grow  in  America,  but  we  have  many  others  which  will  answer 
the  same  purpose.* 

The  third  step  is  the  planting  of  pines. 

The  fourth  step,  and  the  ideal  stage,  as  far  as  the  fertility  of 
the  soil  is  concerned,  is  the  production  of  a  rich,  dense  forest  of 
the  broad-leaved  trees,  such  as  the  Forest  of  Compiegne,  which 
is  pictured  in  the  frontispiece  of  this  report. 

Forestry  in  Denmark* 

Nowhere  in  Europe  is  forestry  more  intensively  developed 
than  in  Denmark.  These  practical  people  waste  no  time  in 
advertising  what  they  have  accomplished.  They  have  been 
working  more  for  financial  gain  than  for  glory.  There  is  a 
commendable  lack  of  sophistry  and  impractical  notions  in  refer- 
ence to  their  forest  management.  It  is  not  my  intention  to 
attempt  to  describe  their  methods  in  this  connection,  but  no 
place  is  more  worthy  a  visit  by  American  foresters.  For  many 
years  these  enterprising  people  have  been  at  work  developing  a 
system  of  their  own.  They  have  been  practically  unnoticed  by 
foresters  until  recently,  when  their  methods  were  described  by 
Dr.  Metzger,  in  the  M'nndner  Hefie.  Several  writers  on  the 
continent  are  endeavoring  to  show  that  the  Danish  system  is 
after  all  old,  and  has  been  elsewhere  in  practice  more  or  less  for 
some  time.  Even  if  this  may  be  so,  the  Danes  were  the  first  to 
fully  appreciate  its  advantages  and  put  it  into  execution.  They 
have  be^n  quietly  "  sawing  wood ''  while  their  neighbors  have 
been  holding  learned  discussions.  The  Danish  foresters  long 
ago  traveled  throughout  Europe,  absorbed  what  they  needed 
and  evolved  from  it  a  system  of  their  own,  adapted  to  the  pecu- 
liar conditions  of  their  little  country.  They  were  particularly 
influenced  by  what  they  saw  on  some  private  estates  in  England. 
They  show,  indeed,  the  same  amount  of  intelligence  in  ever\*- 
thing  they  attempt.  Their  dairy  industry  is  a  model,  ever\' 
man  and  woman  can  read  and  write,  and  every  traveler  to  their 

*  The  sandy  soils  of  the  Pines  are  in  need  of  humus  and  green  manuring.  For  this  parpote  there  is 
no  better  crop  than  Lupinus  perennis  which  will  grow  where  other  leguminous  crops  fail.  The  plants 
of  this  genus  were  named  lupinus  from  Lupus,  a  wolf,  because  it  was  thought  that  they  devoured  the 
fertility  of  the  soil.  Nothing  could  be  farther  from  the  truth.  The  perennial  lupine  of  Soathem  New 
Jersey  is  one  of  those  pioneer  plants  which  in  the  midst  of  the  sand  is  paving  the  way  for  less  hardy 
species. 
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country  is  impressed  with  the  fact  that  they  are  an  honest,  solid, 
wide-awake,  up-to-date  people. 

The  forests  of  Denmark  are  of  special  interest  to  Americans 
because  a  large  percentage  of  the  forest  is  owned  by  private 
parties.  The  excellent  system  of  forest  management  is  the 
result  of  private  enterprise.  Only  six  per  cent,  of  the  country' 
is  wooded.  These  woods  are  mostly  on  the  islands.  Jutland  is 
mainly  heathland.  The  soil  of  the  country  is  sandy.  A  calm 
day  is  rare,  and  without  eternal  vigilance  and  care  a  large  part 
of  the  country'  would  blow  or  wash  into  the  sea. 

The  production  of  Danish  forests  is  high.  They  produce  4.8 
cubic  meters  of  wood  per  year  per  hectare.  The  highest  yield 
in*  Germany  is  in  Erfurt,  which  is  4.5  cubic  meters. 

The  ease  of  importing  both  coal  and  wood  cause  great  compe- 
tition. Denmark  is  near  to  Norway  and  Sweden,  which  are 
great  exporters  of  wood,  and  near  to  England,  a  great  exporter 
of  coal.  *  Sixty  per  cent,  of  the  Danish  forests  are  beech,  which 
is  used  for  fuel,  butter-tubs  and  wooden  shoes ;  seven  per  cent, 
is  oak,  which  is  used  for  ship  building,  and  twenty-one  per 
cent,  conifers.  The  Danes  have  outgrown  the  notion  that 
conifers  are  preferable  to  hardwoods.  Even  the  forestation  of 
heathlands  with  conifers  is  regarded  a  necessary  evil,  and  they 
cherish  the  hope  that  some  day  the  soil  will  be  fit  for  hard- 
woods. 

The  wood  is  sold  direct  to  the  purchaser  without  auction,  and 
the  foresters  are  more  on  the  order  of  enterprising  business  men 
than  mere  administrative  officers  who  spend  most  of  their  time 
at  the  desk  writing  reports.  The  position  of  chief  forester  in 
Denmark  requires  a  knowledge  of  commercial  principles  and 
business  skill.  These  men  are  granted  much  freedom  and  con- 
fidence by  their  employers.  They  receive  a  share  of  the  profits 
and  are  therefore  financially  interested  in  every  operation. 

There  is  no  great  secret  to  their  methods.  It  is  simply  the 
application  of  great  skill  and  economy.  They  simply  do  what 
pays  the  best ;  that  is,  employ  those  principles  of  business 
management  which  produce  the  largest  returns  in  the  shortest 
length  of  time,  preserving  at  the  same  time  a  sustained  yield 
and  desirable  soil  conditions. 
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The  Danes  are  great  believers  in  pure  stands,  and  instead  of 
producing  500  spindling  oaks  on  a  hectare  of  land,  are  content 
with  200  sturdy,  well-crowned  specimens,  because  it  pays. 

Great  attention  is  paid  to  the  soil.  Their  aim  is  to  keep  the 
surface  covered  with  a  coating  of  damp,  mellow  leaf-mold. 
They  are  the  friends  of  the  earthworm,  and  do  ever\'thing 
possible  to  encourage  this  assiduous  little  animal,  which  does 
good  work  in  keeping  the  soil  loose  and  mellow.* 

Very  careful  protective  measures  are  necessary  throughout 
Jutland,  because  of  the  winds.  Wind-breaks  of  trees  and  shrubs, 
and  turfed  earthbanks  are  necessary-,  otherwise  the  winds  would 
shift  the  soil  from  place  to  place. 

Metzger  describes  a  beech  forest  300  meters  from  the  sea. 
The  outer  edge  consisted  of  an  impenetrable  hedge  of  clipped 
beech,  ten  meters  in  width.    The  soil  was  full  of  earthworms. 

No  peasant  rights  or  onerous  servitudes  exist  in  Denmark. 
The  Danish  foresters  do  not  combine  hunting  with  their  profes- 
sion. They  carry  a  spade  rather  than  a  gun.  In  short  they 
are  the  Yankees  of  Europe,  from  whom  we  can  learn  many 
things,  t 

*  The  importance  of  toil  aeration  is  often  overlooked  by  foresters  and  soil  cultivators.  When  m  large 
forest  fauna  is  present,  especially  earthworms,  the  soil  is  kept  mellow  and  sweet,  and  hardpan  and  peat 
are  less  apt  to  form.  When  there  is  an  abundance  of  these  animals  in  the  soil,  it  is  usually  an  imUcaticm 
that  the  soil  is  in  good  condition. 

t  !n  the  use  of  scientific  names  of  trees  in  the  above  I  have  been  guided  by  the  '*  Check-list  of  the 
Forest  Trees  of  the  United  States,"  by  George  B.  Sudworth,  Division  of  Forestry,  Dept  of  Agricaltnxe,. 
Washington,  D.  C. 
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